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FIELD OF THE immTlOE 

3 Th« present xTrv/entiori s^eiatev^^ inter alia, to novel variants 

(inutants) of parent Termamy.1 -like a~amylsses, notably variants 
exhibiting increased theriiiost ability at acidic pH and/or at low 
"a'' oon-;err...rai.",ions: trel&tive to the.-. paren-:; which are 
advar.v..^q-.-o:^o with respoci. tc.^ app M c-^ticsne oi 'cno variants in, 

Ki indusv^rial starch processing particularly (e,g, atarch 
liqtief aGtlon: or saccfea riti cation ) , 

a~Anv,'lases '3~giucan--4~giucanohydrolas&s, EC 3,2>1,1;. 

15 consti'oute a group of snzymes which catalyse hydrolysis of 
starch and oth^r linear and branched 1 < -l-iilucosidic oligo- and 
pol y saccha r i des > 

There is a very extensive tody or paLeal; and t'cisntific 
literature relating to this industrially very .■■.mportant class of 

26 ensysTies. A nuiYiber of a-arsylasf: such as Termamyl-lifce a-au^ylases 
variants arii Knov;n froa^ e.g. m 90/113S2, WO S5/206G3, WO 
9b/Zh391, WO 96/23873 and m 96/23874. 

Among more recent disclosures relating to a-amyias^s^ WO 
96/23874 pxoxddes thr^e-dimensioBai, K-ray crystal structural 

2S data for a feriaamyl"like a-amylase which consists of the 300 

terirdnal aialno acid residues of the B, amyloliqiiefaciens 
a-ajEnylase and a:r.ino acids 301-4S3 of the C-terffiinal end of the 
B, llcheniformls a-asnyl^ise corfiprising the amino acic dCqaoriCe 
■;th<i> iai'ter being available cosufiercially under thv: trad^u^afu- 

30 Te.nv;arivl'^"i ,. and which i,*? thu.« closely rel-ited vo r.he 
Indus ur.; ally important Sacillus a~amylases (which in the presenv 
context are embraced within the meaniag of the terns "Terjnamyl- 
like a-amylases'% and which include, inter alia, the B» 
XichenifcrmlSf B. amyioiig5ie.fac.jens and B. steazothermaphiltts 

m a-amylasBs) ^ WO 96/23874 further describes Tnethodoiogy for 
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designing, on che basis of a:: snalysie of the structure of a 
parent Tsraamyi-li ke cc~ amylase, ^'^atriants of the parent Termamyl™ 
lik& cx-amyias" which exhibit altered properties relative to the 
parent . 

5 WO 95/35382 {Gist Brocades B.V.) concerns aniyloiyiic enzymes 

derived frora B< llchenlfomis with Improved properties ailov^inju 
reduction of the Ca'' concentration under application witnout a 
loss of performance of the enzyme. The amylolytic enzy^t© 
comprises one or more amino acid changes at positions selected 

m from the group of 104, 128, 137, 188 of the B. lich&niformis a- 
axaylBBe sequence, 

m S6/23873 (^3ov-o Nordisk) discloses T^rmaw^-^i^e cf-aJtsylase 
x?^ariants which have increased thermostsfoility obtained by 
pairwise deletion in ths region T183* and G184* of 

15 the se<?ue.nce: shown in SEQ ID NO: 1 herein, 

BEIEF BXaCLOSUSS OF TBE, TSlSfWTKM 

The present invention relates to novel a-amylolytic variants 
(Kiutants) of a Termamyl-like a-airsylase, in particular variants 
20 exhibiting increased thermostability (relative to the parent) 
which are advantageous in connection with the industrial 
process ing of s t ar ch ( s t a rch 1 iguef act ion , s aceha r i f i ca t ion and 
the like}: . 

The inventors have surprisingly found out that in case of 
25 cornioining two, three, four, five or six lautations {will be 
des:;r.U->ed below), the therTsostafoi lity of Termaiayl-like a- 
amylases increased at acidic pH and/or at lov? Ca^" 

concentration in coinparison to single mutationSr such as the 
tnntation disicosed in WO 96/23873 (Novo Nordisk) , i.e, pairwise 
30 deletion in the region Rial*, Gi82*^ and G184* of the 

sequence sho«n in SEQ ID NOr 1 herein. 

The in-vention further relates to D1!5A constructs encoding 
variants of che invention, to coxaposition comprising variants o£ 
the invention, to jjiethods for preparing variants of the 
35 invention, and to the use of variants and compositions of the 
invention, aaone or in combination %iJith orher a-amylolytic 
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various industrial proceesesj e-gi, starch 



BRIEF DESCRXPTIOH OF THE DB^IHG 

5 Figjre 1. is &on lignsuent of the a5r?lrio acia .-.uvquev:.:--- s six 

pa.i:ent Ter:a.\:!;;y.l~Iike a-amyiases in the context or uhe inveriuio!; , 
The r:V;n!.o;;:^.^j on tn.^:: ;-';.xt r',?rae left designate the respect:iv& artiino 









s a. 








2, 


2 ; 


Kaoa?-;y.'. 








SE]Q ID 


NO: 


1, 




SEQ ID 


NO: 


5^ 


5; 


SEQ ID 


NO; 


4, 


6; 


SEQ ID 


NO; 


3, 



1$ 




instancSf the S,. iic\he;- iforvai a-aJTsylaso co-vipi ism:; th'U andn-'; 
acid sequence shown in SEQ ID NO: 4 (coi^asrclally avaiiab'Ie ss 
TermamyX^^) has been found to be about 89% hojnoiogous with the S. 
amylallquefaei&ns ot-ainylase -comprising the amino acid sequence 
25 shown iK -SEQ ID «IOj 5 and about ?S% homoloqous with the B. 
stearothermophilus a-amyiase comprising the amino aci-r:; .<ne.:juen-;e 
sho^^m in S£Q ID NO; 3, S^arther homologous (v.-amylasss ir.clude an 

30 in detail in WO 95/26397, and the a-amylase described r-y 
Te\;ka;noto et al,, Biochemcai and Biophysical Research 
ComrfiuaicaiMons, 151 (1988), pp. 25-31 x 

Stiii further hoiuoiogous a-am-lases include the a~airiyiase 
produced by the B> iichenifansis strain described in £? 02S2666 

35 (ATCC 27811), and the a-ainyiases identified in ViO 91/Q03Si and 
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a-ainylases are Optitherr.i'*''' unu TaRa^ner.V'^^ {ava;,iab'-,;, trou^ 
Solvay) r ■•'laxamyl'^'** {available from G.^,st-~brocades/Gsnencor ; , 
Spes^nn ?J\^^ and Spezytne Delta AA^ (available from Genencor: , and 
$ Keistase^^ (available froa Dalwa! . 

amylases, tney are cc-n5:,1 dored foelojvj to tiv^ &ajne class of a- 
amylases, nafi^eXy the class of "Temamyl-lika a^amyiases". 

Accordingly, in the present context, the term "Termamyl-li ke. 
10 a-anylase" is intended to .indicate an a-asnylase which, at th'2 



15 secroer;ce sh-^v;n TO NOS: 1, 2, 5, 4, ^, '-i, " or 6 herein, 

and the araino a:i:i i^equorice t^liown ,in SS'O It."^ ;^-0; ^ or V?0 9 5/2 £3 9"' 
ithe same as rho a;;-iino acid sequence shov;r. as- SEC- '•' 

acid sequence shown as SEQ ID NO: 8 herein) or in Tsuhamoto et 
20 alv, 198$, {s^'hich amino acid sequence is shown l.n SEQ ID NC: 6 
herein) or 1} which displays at least 60%, prei'srred a-., '.■■sasv. 
70?, xixOLB preferred at least 75%, even more pxeterred ar. i»asr. 
801, especially at least 85%, especially preferred at least 90%, 
even especially nscre preferred at least homology v(,'iuh au 

25 least one of said amino acid sequences shown in SEQ ID NOS 1 or 
2 or 3 or --I or 5 or 6 or ? or 8 and/ or ii) displays 
ism^unological cross-reactivity with an antibody raised againsu 
at least one of said a~amylases, and/or iii) is encoded by ri DrF\ 

o -a;r,y.l'5ses which arc apparent from SEQ ID MOS ; 
1> of the present application (which encoding 
Lhe amino acid sequences shown in SEQ ID MOS: 
1 herein, respectively! , iroju SEQ ID NQ; 4 of 1^0 
DNA sequence, tooe-:.her witn t.. . TASi, 




s 

;v=\;i;er..\- i-f^.v.r. , u cr;\: '-JO; 8 herein! art.? rr-^sa .^h-;- .; 0 \W ? -.'r." 
WG S5/26397 {shown In SEQ ID I^Ot 14 herein), respuc-^i^ v i y , 

In coru-sectlori with property i) , the "hoinclovry" ir,.ii bo 
deteminsd by use of. any conventional algcrithiiv preferaibiy by 
use of the GAP progsinme from the GCG packsga x-^ersion 1.3 (June 
19Sf3) using default valuer for GAP penalties, v/hich is a GAP 
creation penalty or 3.0 and GAP extension penalty of D,l, 
{Genetic Computer Group {1951) Programrae Manual for the GCG 
is fackatge, vera ion 7, 575 Science Drive, Madison, iffisconsin, USA 
53711).. 

A striiccural alignment between Tenaajnyl and a Termamyl-like 
a~amylase may be used to identiiy equivalenT./corre«ponding 
positions in other Terjaamyl-like a-asrvylases . One ii^ethcd of 

LI obt=jlning said structural align.Tjent i.^ to use the rj.le Up 
programme frorrt the GCG package using default vaioea of gap 
penalties, i.e., a gap creation penalty of 3.0 and gap extension 
penalty of O.l, Other structural aligntaent methods inclnde the 
faydr^ophobic cluster analysis? {Gaboriaud et al,, (1987;, FSBS 

m LETTERS 224, pp. 149-155) and reverse threading (Kuber, T ; 
Torda, AE, PROTSIH SCIEI3CS Vol. 7, no, 1 pp. 142 -14 & a9S8) . 

Propserty ii) of tbs a-arftylase, i-e. the imiaunological cross 
reactivity, niay be assayed using an antibody raised ao'ai.ist, or 
reactive Ki.tn, at least one epitope cf the relevar.': Tertra/nyl- 

55 like a-air-yi . The antibody, v.'::;,ci:; iray t.- 1 b< n,'.-; \. '■ ^.-r.,, '. cr 

polyclcrial, :r>ay be produced by TiCtnods knowr; o c. . ^.s 

desC3:ibv\i by Hudson et al,. Practical Ijmanoioqv,. Th;. -.-i -.lOir. 
{ISSJ:, Black-well. Scientific Publications- The biijwjnologica] 
cross-reactivity may be determined using assays known in the 

30 art, exajspries of v?hich are V^estern Ebotting or radial itn?^,unodi f- 

.lospo^v, .luurunc loTlca: cross-reactivity octv<c-o:-. tr,-., a-jsavla^e.-^ 
having the amin-; ar^d se'-n:«r!ce^-- Ch.Q ID N05: 1, 2, 3, 4, b, 6, 7, 

?cr:;uvxyi-l.i ke a~amylase m accordance v^'ith property ii„: abovo 



10 Uov or..::.r:ge;icy- , pre: erred ac. 5 0^*0 im-sdiurfi strinoen:;y: , nora 
preferably at 6:5^C (high stringency) , even xmre preferably at 
^v?5''e (traary high stringency) > More details about trie 
hybridisation method can be found in Sajtibrook et al., Mcslecul«x 
Cloning i A Laboratory Hanaal,^ 2nd Ed,, Gold Spriag Harfeor> 1989. 

15 In the present context, "derived from^ Is intended not only 

t:o indicate an a~arayiase produced or producible by a strain of 
the organism in question, but also an a-amylase encoded toy a DHJ^ 
sequence isolated from sqch strain and produced in a host or- 
ganism ti-ansformed with said DNA sequence. H'inaliy, the term is 

20 intended to indicate an a-amylase which is encoded by a DBA 
sequence of synthetic and/or ctMh origin and which has the 

torrsi io- also incvnvieo to Hsdie^Le r.ha*. rhe parent a-araviase rssy 
V- i-.ian:, o£ a natux^ally occurring a-amylase, i,e, a -varian" 
2$ which IS the resuiu cf a modification (insertion, substitution^ 
deletion) of one or more amino acid residues of the naturally 
ocGurring «~afaylase« 

■ ■ ■ fiy^y i<j : fi^ ~ Simy 1 a se s 
3Q ?h»- parent «"3rr!y.-asf- may be a hybiMvi a-^iny ^^is-.:, i.e. an a~ 

anoia-^s-- i.'hic:-; cvii^n ^^'^-'^ ^ coK:ibxnaiic o:' partial arrdno acid 
so-.-K.-.:.c Je:; .vi J liCJ at least tv/o a- amy ;.as>rrs - 

Thf peren-r :vj\>''- ) ^x-- ainyias'? niay be one whicr c^n tr.c i\-!S:. s 
.j;;?.sr.j <L5Cj.d hofaoloqy and/or immune logical cros>;-- react ■^viL^ a;.:;:- 
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a-artiyias'-; as typxcaliy coFiposed of at least on^s pari, of a 
TerTP5n-y.}-~H J'-e a-axc-yiase and pare (sj of one oi iri^-^re otnct; a- 
5 amylases selected frorf, lermajTsyl-like a~sir>ylas«is c; no^i-Ternajnyi,- 
iik-j a-axylasee of iricrobial {bacterial or fungal' anO''or 

t\ ^ ^-^'-o-: hNlwja a~a:rv^a>-e nay ^;o:ro. .■^<r ^ 'orr^-ral- 
.:;if p;;::i.<.^ ac:.o |u„^n ;e^= aer^vir.g trctr at i^sa?'' two 

10 Teririasnyl-Iike a~artr/i ases , or rrc.;r: at least on<=; Ten«amy^~^-i--'4^ ^^''^ 
at least one non-Termamyl-like bacterial a~ajrsylase^ or from at 
least 0m Terfaamyl-like and at. least one fungal a-arsylase. The 
Termajsyl-liko o:-a;r;yiaG£- trom which a partial amino acid seqv:ex>:re 
derives may, u?,g,,. be any of those specific Terrriamyl -like a™ 

i§ amylases referred to herein. 

For instance, tha parent a-amylase may comprise a Oternidn&l 
part of an a-amylase derived from a strain of B. Jicheniformis, 
and a H-terminal part of as a-amylaae derived from a strain of 
B. smyloliquefaciens or from a strain of S. istenroth&n^QphiluB, 

2& For instance, the parent ot-atrsylas^: .may comprise at least 430 
aadno acid residues of the C-terisinal part of the B, 
iicheniforisis a-amylase, and Tsay, e.g> comprise a) an aTrdno acid 
segment corresponding to the 37 H-terHiinal ai^ino acid resid>.;e« 
of the 3, amylcliquef<^ciex^s a-amylase having the amino ^j-.cid 

,25 5;equftnce shown in 3£Q ID HG; 5 and ao amine sci':J S'en;-;i:i:fV-, 

£. l-v-';ta^^oj,r.'.- ft-anv ■ having thi- imiuc a 'iJ ;-^o.?u<\^ -e •^vn 
in SEQ ID U^o - A, or b] an amino acid seamen?. corresp:.;.;'!diriO ;:.o 

ID NO; and an amino acid seqrnent corrosponcling i:o tne ^15 C~ 
terfa.;.r.a'.. s-nin^. ac:.d residues of the B. licheniformls a~aisiyiase 



ezai&ples of such a-asrsylases Inciuas the Aspergillus oryzae TM:a 
5 "X 1 i </~<i > ^ e >. > ' ^ ^ 

^•: . ' nv c pancreatic a~amylase and barley a~ 

aniyia$«. All ox th-sse a-aiaylasess havs elucidated structures 
wMch are markedly different xro3^i the structure of a typical 
feri^a-myi~liks u~am^>las& as referred to herein. 
30 The tungal a-asrtylases mentioned above, derived froirs A. 

Mger and A- arysae, are highly homologous on the amino acid 
level and '■jenf^ral.ly considered to belorsg ^^o the same farvsily of 

15 Furth«r:r.cic , wr,u.n a yarf.lcu!v^r variant of a Terrf^aiavl-l ike a- 

amylase -.^ .=.r Uirj: * ne: inventir^j} i^v rcferrxuc; \:c - m a 

deletion o,; subst xi-.ation} of specific amino acid resudue.^ in the 
amino acid sequence of specific Termaniyl-iike ot~aiaylase, it is 

20 to be: urider^tood that variants of another TermaiB;yl~.llke ct~ 
airsyiase modified in the equivalent position (si (as vdeterjnj ned 
fror ri-se re=-r p,\"^;o}e amino acid sequence alignment between the 
resp<"' f \, -^'.-id sequertces) are encompassed thereby, 

A preferred en-ibodiment of a variant of the invention is one 

25 derived frojs a B. llchaniformis a-araylase ias parent Terisamyl- 
like a-ajrtylase) , e.g, one of those referred to abo^'e^^ such as 
the S, iicheniforsjls a~amylase having the amino acid sequence: 
shown in SEQ ID NO; 4, 

30 Const r uct ion of ya r iant s o ion 

The construction of the variant of interest may be 
accompli sVied by cultivating a jfilcro-rsr'ganisrft comprising a DN,a 
sequence encoding the variant under conditions which are 
conducive ror producing the variant. The v==!r-iant may tn.en 
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o..-\- 1 ^' ;■ o re vovcxio;} fi-oi;-: uho rosulilng culture broth, Thii^ 

5 Tn& £oIlowii>a discusses the rsiationship betwe«;n mutacions 

vnlc'-. rv,.v bv preseviV in variarits oi the Arvvention, and desirable 
a ■ tor ?t :. ■■ -^s p'-o;:oi-' .. c-- ■• ' - a parenr., Term'^iuyi- 



conceTT^rstiori 

MutatxoiiK oi: particular relevance in -relation to obtaining 
variantiD accoxding to the invantisn having increased 
themostabiliuy at acidic pH and/or at. .low Ca'"' concentration^ 
15 .include- nvvitaticns a*: the following positions {relative to S, 
lichmnlforwis a-ainylase, SEQ ID NO; 4); 

Hi56, nil2, AlBl, M188, D2Q7, A210, E2U, 

in the cora-.exu of the invention the terin '^<;cidic pH" means a 
20 pH beiow 7.0, fcspecially below the pH range, iri whicn industrial 
starcn Iiqu&f^action processes are normally pexforsted, v/hich is 
feetx<?een pH 5, 5 and 6,2, 

In the: context of the pressent invention the terj^i *^low Galciuin 
covic&ntracion" means concentrations belov the nociaal level used 
25 in industrial starch liquefaction. Normal concentrations vary 
depending of. tha concentration of free Ca"* in the corn. Kormaily 
a dosage corresponding to issM {4Qppm}: is added which togather 
with the level in corn gives between 40 and 60ppiri free Cb'* 

In the conteKt o,f the invention the te.rm ''^high tempertatures" 
3d aneans teir.peratures between 95*C and 160*C^ especially the 
te^perarAsre range in wnicsi industrial starch liquefaction 
procejii^frOv are norrtially perrorm'jd, i\fhich Is hetweei\ ^5®r -^no 
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a~ar> a*->-*^ ^ ei r-^ ' ' "-c^ „ ^ <= i ^<;. 

^ ^ * i 1 " i if 

It xmv fo« tnert^oBed nexe that ^^"t>l^ aci<? refcxdv^c,;?^ 
^^'^re- -iv#=>lv, a<- po3-itto->;3 Cwr esj-oi Jx'^q to Nl^O I2C1, D207 and 
F2^;., 1 *>spect3,ve^y n S&C? ID HO 4 oonsta. ut** ai no ar- d 
te-^xaut-sr t^ji-jxcn are* c;oriservf»d m xiutrf^rous Te r^amv™ IxKe a 
'Wjid'^eij rbite, tox cx.anplw th*» ror^espondi g poc-.t^ le £ 
rhe«o "-^^ dies t e »t nc a'^xc seqaencew cf j rvnLvix <^f 

sum'r-s,' ax'e as rolxowsc 
Table 1. 



35 . . 



wo mmm 



B< licher^iicrmis (SKQ ID m-, 4 5 KiSO .Y.201 DSO"? S3ii Q264 



SSI 2 E2Xfi 



Mutations oz these cons-srved amino acid residues i^re very 
10 iinporfcarit in relation to improving thermostability at acidic pH 
and/or at low calcium concentration, aud the £cl lowing tnxjtationv*; 
are of particular interest in thia connection (with reference to 
the nuirtering of the B. lichenifoxmis amino acid sequence shown 
in SEQ ID HO; 4} . 

15 Pair-wiss amino acid deletions at positions corresponding to 

El 70-0182 in SEQ ID mt 5 eorre&^ponding to a gap in Seq ID HOi 
4, when aiigiied with a numerous ^^rtnamyl -like a-atnylases. Thus, 
for exan\ple, the corresponding pos;itions of these residues in 
the amino acid sequences of a nutjOser of Termamyl-like a-amyiases 

2Q which have already been mentioned (vide Bupra) are as follows t 

Table 2 < 



T«rrr^str-yA ■■ 1 iV« «-arrvjSfi!--^ Pair wis'S awix-c- acid d«i«:t.i»j.is! s-wsong 
25 









G17?, 


El 78, 






B. ism JD m.3) 


mi9. 










iSMQ in Ho. 2) 






TIBS,, 


(3X84 


,8«cillus m 95/263 S7 


(ssQ m m, I): 


















HIS3, 


©3,84; 



When using SEQ ID mi 1 to SEO ID ^iO: 6 as the -Krone 
{i.e. as the parent Tenaamyl-like a~amyiase; two, ..u^ , _^ i, 
3S five or six iTiUtations ir.ay according to the invents ok . > - ^.x- ir 
the f.ollowing regions/positions to increase the tnermosta:^: iity 
at acidic pH and/or at low Ca"* concentrations (relative tj tnc- 
parent) ; 

(relative to Seq ID NO: 1 herein): 
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I: R181S Tio3^, 

2 : N 1 9 A T- , 0 £ .. 0 .. C .. , 1 , . K , H , F , P , S , T , I'i , Y , V ; 
3i V20SA,R, D,H, C, Q, G, H, I , L, K,M>-F, P,S/T,W, Y; 
4: E2i;>A,R,D,H,C,Q,G,H, 1, K, i^l, F, l^. S, T, V.;, V; 
5 5i R, D,n,C,Q, G, H, I, K, M, F,- P. S, T,Iv, Y, V; 

6: K269?^, R, D, E, G, I , L, H, E% P, S , T, V; 
(relatl^'e to SSQ ID NO; 2 herein): 
a : HI 81*, Gl « 2 * , D183* , G184 *■ 

2 : Ni95A, R, D, C,E,Q, G, H, I , K, P, S,T,^J, Y, V; 
iO 3: V206A,R,D,N,C,E,Q,G,H,I,L,K.M, F,P,S,T^W,Y; 
«: E212A,R,D,N,C,Q,G,H,I,L,K,H,F,P,$,T,^,Y,V; 

5 : E2 1 6A, D, C , Q, G, I , K, M, F, P, S, T, Y, V; 

6 : D, N, C, E, G, I , L, H, F, l^ S, T, Y, V; 

{Re.lar.ive to SEQ .ID NOt 3 herein) ; 
0 I : Rl 79% Gl dOr IlSl * , G1S2* 

2 : ^!l 93h, R, D, C, S, Q, G, H, I, L, F^ S^ T V; 

3 : L20«A, R, D, C, E, Q, H, I , K,. H,, F, P, S, T,W, Y, V; 

« ; £2iOA,R, D, H, C, Q,G, H, I , !.,. K,.;^;, T, ;\ S, T/Ai, Y, V; 

5 : £2 MA, R, H, C, Q, G, I , .1.,. K.. H, F, P, <i,T,M, Y,V; 
20 6 : 3 (. '} A , F D , K , G E , Q G „ H , T. , I. . K , H,- F, P , T , Y , V 

R«lat.1.v« to SEQ ID HO: A herein) : 

1: gi78%Gl?<?* 

2 ; Nl 30A, R, D, C, E, Q, G, H, X .< L.. K, M. F, S, T, y; 

3 1 2 0 i A , R , D, H , C , £ , Q , G , I ^ .< I, .< K .< M , F ,. F , , T , W , Y , V ; 
25 A : D2 0 7 A , R , N , G , G , G r G B , l. , K , M F , P , F , T , k" , Y , V ? 

5 : E2 IIA, R, i\ K, G, G- G.. H, i , 1, K, v;, F, ? , G/T,, Cv.. Y, V; 

6: g264A,, R, D, G, £, G, H, I, L, K,M, F, ir% 3,1,. W,< Y, V; 

(.re.lati've to SEQ ID t-JG; S herein) r 

1 : Rr;S*,G177'^-,E176,G179* 
30 2 : m9Qh, R, D, C, E, Q, G, H, 1 , K, F, P, S , T, Y , V ; 

3: V201A, P, D, C, E, Q, G, H, X K, F, G, T, Y; 

4 : C, £, Q, H, I, K, M, F, P, S, T, W, Y , V; 

5j E211A, R, D, N, C, Q, G, H, I , L, K, E, P, S, T, Y, V; 

6 ; 0264.5^, R, D, N , C , E, G , H , X , L, K, M, F, P, S , T , W, Y, V; 
35 (relative to s^EQ ID NO: 6 her.ein) x 

1 : R181* , G182 * , H18 3 * ,CAB4^ 

2 ; N 1 9 5A, R, D , C , £ , Q , G , H , I , L, K , M , F , P , 5 , T , , Y , v; 



.10 r la resjU. . — ..^ » U^*- o<=*'? e'^tict- ax,-.' i-o'^v. s O-x*. ''c^. 

accoramQ t,g tne invention: 

















1, 


L, 




f , 






T 




Y 


V, 










r 










K, 












V 


V; 






■-A R, 


p 








I, 
















Y 


V; 


15 






^>^^, R, 


p 


n 






J, 








F, 




T 










^>^i R, 




n 














F, 


?,s 


r 


















Q, G 


iif 










1- > 




























L, 


K, 




i > 










V; 








^' ■ ' 








G, 




L 


K 


H, 














20 








) 












K 


















-K1 J 1 ^ 
















































c, 


































0 
















S, I 
























^> 












i\ i 








2S 


~ 1 . - 
































































K 


Y 


V; 


















































k 
























30 


















1 




















-\ -'-A,*, 




^ J . >o< , fi 








^ ^ K 


































r 






ft 




I 






















I 




I , 
































T 








T 


















35 




MS c 






T 






p 
























































V 06 , 














p 





















*t nn*- result m.." in the 















E,0. 






K, 


M 


F 










'^V- \, 


R, 


\c. 






L, 


K, 










! H^* 




^ 


^ ■> A, 


R, 


D C, 








L, 


K 


M 






i',^ ; 










R, 


D ^^ 








l> 






M, 


r r , 


T/w, 








Oca 


R 


0 N 


c. 






I, 




K, 






U> . Y; 
























K, 




F.i^,<>, 














D, , 






H,I 


L, 




H 




























































1 








-f- >■ 




















\ 




















l\ h 




















-•^ C( 










r ,\. 





















wo 99/19« 



15 



' <' \ r~ . r, r, >, w,, v; 

-•V20e>A, R, D, C, E, 0, G, H. .1 , L, M, ¥\, P., S,,T, Y 
K2 6 9A , R , D , S^l , E. , 0- , ^-.J , H , T , : . J-i , ; , , > ? , '4 , Y , V ; 

- b2 1 2 A , R , D , r-l C , 0 , G , H , T , L , F , M , ■: , P , 3 T , l-^ Y , V 
5 /E2 X e:-', , R , L- , N C , Q G , ;1 , 1 , 1 , K , H , F , P , S , T , V'J Y , V ; 

-E2 i 2 A , , b , ti C , Q , G r! , I , L , K ,M, 'i , 1>/S,T, I'J , Y , V 

P,, Cv UrCEfQ, G, l\, 1,1, F, P, S, V? 
-S216A, R, D, C, Q, G, H, I. L, K, U, F, P, S, T, W, Y, V 
/Ka69A, D, C, E,0, G, H, I , F, P, T, Y, V; 
10 Using S£Q ID NO. 3 as the backbone the foXlowing daiifols 

:mitantions resulting In the desired effect are -coiateffipiated 
according to the invention: 

- Rl 7 9* / G 1 8 0 * /^a 9 3A, R, D , C , Q , G , H , 1 , L , K, M , F, P , S , T , , Y , V ; 
-G 1 8 0 * / 1 1 8 1 * /■ N 1 9 3A, R, Q , C, S, Q , G , H , I , L , K , F, P , S , T , W , Y , V ; 
IS -118 1 * /G182* /Nl 93A, R. D, C, O.G, H, I , L, K, M, F, P, S , T, Y , V; 
-R179* /GiaO* /L204A, R, D,M, C, E,Q,G, H, I, K,M, F, P, T, Y, V? 
-G 1 8 0 *■ / 1 1 8 1 * /L2 0 4A, R, D, N , C , E , Q, G , B , I , K, M, F, S , T , , Y , V; 
-1 1 8 1 * /G 1 82 * /L2 0 4?^, B , D, N , C , S , Q , G , H , I , K, F, S, T , , Y , V ; 

- R 1 7 9 * / G 1 ! ? 0 * •' E 1 0 A , F. , D , N , C , 0 , G , H , I , L , K , M , F , P , S , T , Jv' Y , y 
m -GISO * / 1 1 B ^ / F,.. • C-A , F , D , K , 2 , Q , G , H , I , L , K, M, F, P, S , T W , Y , V ; 

- 1 1 fj 1 ^ •■ G 1 H 2 - / E : i A F D , >3 , C , Q , G , H , 1 , L , K , H , F , P , S , T , , Y , V ; 

- R 1 7 9 ■ ■■ G 1 s 0 " / F 1 4 A , F , D , H ,2,0 , G , H , I , L , K H F P , S , ? , , Y , V ; 

- G 1 3 0 * ■ i: : 3 1 - ..' E ^ I A , K , D , , C , 0 , G , H , X , I. , K , M , E E , S , I K , Y , Y ; 
- 1 :i 3 1 " /■ G is:* ,■' E „ ■. < • , R , l; , R , C , Q , G L , , M , E , E , S , T , W , , v ; 

25 - F 1 7 y - / G 1 8 0 - / S 2 c 7 A , R , D , R , C , £ , Q , G , H , i , L , K , H , F , P , T , W , -f v ; 

- G 1 8 0 - / 1 1 8 ;i - / S 2 6 A , R , D , R , C , E , Q , G , H , I ^ L , K , H , F , ? , T , W , Y , V ; 
- 1 ;i 8 ;l - / G 8 2 ./ s 2 " , R , D r: ,, • ■; , f; , O , G , H . I , I. >■ K H , F , ? , I , i-J , Y , V ; 

X, , s. , . , V . ^- 2. . < , fs<t^ \ , ^ , . i , 2 

/L2C4A,.R. D.H, C, E,0,G,H, I, K,H, E, E, S,Tr?«, E/V; 
3d ~N193A, R, D, C, S, Q, G, H, I , E, K, H, E, F , 2^,11/^, Y , V 
/ F 2 1 0 A , F , D , M , C C: G , J] , I , ;.. , K , M , E , , S , T , W , Y , V ; 

- >J 1 9 3 A , F , IE C , E , Q , G , }-l , I , L , K , M , F' , P , S , T , W , Y , V 

/ ■ E Z 1 4 A , R , D , li , G , Q , G , H , I , , K , M , F , P , S , T , \H , Y , V ; 
-r4193A, R, D> C, E, Q, G, H, I, L,, K, M, F, T, Y , y 
35 /S267:A, R, D, M, C, E, Q, G, H, I , F, P, T, , Y, V; 

~L204A, D, C, E, Q, G, H , I , K, M, E, P, S/I, Y , V 
/S210A, Ev Q, G, H, I, L, K, r<i, l\ P, W, Y, V; 
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U.«:...a 5?KC in ?IC. trie backbone tht f3llv>win4 double 

~0 '9^ /KlQOi^,K,r,C F 3, K, T, T<, ^ 



r, 5, T,W, 
,M,F, I.,/, V; 

, \W Y, 



1? 

"Gl 7 7 - /El 1 8 - / 02 0?A , R , . C , E, Q, H, I , L , K , F, P , S , T , W , Y , V ; 

-E17 8-/G17 9-VD207A, R. C. E!, a, H, X, L, K,M, F,P,S,T,W,Y,V; 

~R3. 7 6 - /Gi. 7 7 * / E2 llA , R , D. N , C, Q, G, H , I , L , K , M , F, P , S , T , W , Y , V ; 
5 -G177-^7£17o-^/r21 lA, R, D, N,C,a,G, I, L, K, F, P, ,Vt, Y, V; 

-mid '/Grny /E21 lA, R, D, C, Q, G, H, I, L, K, F, P, 3, T , W, Y, V; 

- Rl 7 € /Gl "1 7 - /02 64 A , R , D, N , C , E , G , H. , I , L , K , M , F, F, S , T , W , Y , V ; 

-G177 '/E178 V'0264A, R, D, C, E, G, H,, I , L, K, F, S, Y,V; 

-E178*/"G179*/Q264A, R, D, C, E, G, H, X , L, K,M, F, F, 3, T, Y, V; 
10 "H19aA> R.D,C,EvQ,G, H> I^ I,;K/M, F, S, f , V 

/V201A, D,nrC,E,Q, G, H, I, L, K, F, P, S,T, H% 

-NISOA, D,C, E,0,G, H, I, L, K, P, P, S, Y, V 

/D2a?A, R,N, C, E,g>G, H, I, L, K,H, F, P, S, W, Y, V; 

-Kl <iOA , R , D , C , E , Q , G, H , I , L, K, H , P , S , t , W, Y ,V 
IS /E25 lA, R, D, t-l, C, 0, G, H, I, L, K, M, F, P, S/f , V^, Y, V; 

~K190A,R,D,C,E,Q,G,H,I,L,K,H,F,?,S,T,S?,Y,V 

/Q2 64 A , R , D , N , C , E, G , H , I , S , P , S , T , W, Y, V ; 

-vaOlA, R, D.N, C, E, Q, G, H, I, K, P, S, Y 

/D207A, R, N , C, E,- G, H, I, L, P, S, T, W, Y, V; 

m "V201A, R, D, C, E, Q, G, n> I, L, H, P, T, ^% Y 

/F.;2n.A, R, D,- 1^5, C, Q. G, H, T, L, K, F, F, S, T, v?, Y, V- 

"■v'201A, R, D,- !vl, C, H:, 0. G, H, J, L,, K. F, F, 3, T, Y 

/Q264A, R,- D, G, H, I , L, K, F, 3, T, W,, Y, V; 

~ D2 0 7 A , R , N , C , E , Q , G , H , I , L , K,, , F, P , 3 , T i;v , Y , 
25 /£2"i lA, R, D, U,Q,Q, Q, n,l/L, K,M, F, R, S»T, W, Y, V; 

- D2 C) ■/ A ? , 1-^ , C , E , Q/ G , H , I , L , K , M , F , R , 3 T , W , Y , V 

.'■ C:-2 e 4 A , :> D , N , C , E , G , H , I , L, , K , M , P , 3 , T , W , Y , ¥ ; 

~ E2 1 A , R , D A< > , ■: ■ . G ri , T , L. K , , F, P , 3 , T , W , Y V 

/Q2 S4A, R, D, 1^ . C , G , H , T J. , K, M , F/P, S, T, W, Y, V. 
30 ysing S£Q ID HO^ 6 as the b&ckbone the following double 

mutantions resulting in the desired effect axe contemplated 

according to the invention; 

~-R181*/G182*/H195A,:R.D.C.S,Q,G,H,I,L,K,H,F,F,S,T,s^,Y,Vj 
~G182*7H183'^/NX95A,R.D,C,£,Q,G,H,1,L,K,K, E, ?, S. T, W, V; 
0 ~H183-^/G134 VNI ');^A, F, 0, G, Z, G, H, i , ;. , K,>:, b , ^ , d , 7 , ^ < x , V? 
-P.18i * /G1S2 V'T.206A, R, D.U, C, £, Q, G, H, L, K, K,. F, F, 3 , T., VLY.V} 
<riB2S.'-H:S3*/X206?^,P,D,K,C,£,C,G,a,L,K,M, F, F, 3/:-,W, Y, V; 
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IS 

-Hi i\v* /g:.v;4 ,; :o<^:>=,, d, c, e, q, g, l, k, jj, f, p, , t, --j, v ; 
-0.1 i'? ^ -li .. H ' '>:.:: : ja .• :.\. k , q, g, i] , i , :.<, n-, f, p, s , u , y , v ? 

~ H 1 8 3 / G 1 & 4 ^ / E > 1 :■ A , R , D .. K , C , 0 , G , B , I , I. , K , M F , P , S , T , i'j , Y , v ? 
5 "RiS 1 * * /B:- 16 a, R, D, H, C, 0, G, R, I , K, M, F, ?, S.T. l^i, Y/v : 

-"GiS2*/Kl?3*/E:-lSA,R, D..K,C,0,G, H, 1,1, K,K, F, ?, S,T,k;//,,v; 
-HIS 3 * /Gl HA*/E2.1 Sh, K, 0 , > , C; , C , G , K , I , :.. , K , -1 , F , P , S , T , Y , v ; 

-G132 * /HI 8 3* /K269hf R, D, N , C , E ^ Q, G, H , I , L, P, S , T, V; 
to -H1S3*/G1.8'I*/K269A, R,.D, C, E> Q, GV I.,.L3r Fr P>S, T, Y, V? 

,/I20 6A, D, ^^ , C, E, Q, G, H, L, F, P , S , T , V5 , y , V; 
-"tn95A, P., D,C, E, Q, G, H, I .L,K,H. F, V,S,T/^h V 
,/E212^, r-?, D, C, Q, G, H, I , K,^^, F, P, S, T, Y, V; 
\3 -N 1 95A, C, 0, G, H, I , L, K, F, P, S, t , W, Y, V 
./E216A, L\H, C, Q, G, 1,L, K,M, F, F, S, T,5s% Y, V; 
-Nl R, D, C, E, Q, G, I, L, K,hi, F, P, S, T, 
/mmh, Rf D/K , G, E, G, H, I , L, M, F, R, S, Y, Vf 

- J.206A, D, G,E, a, G, H, L, K, F, P, T, 5^, Y, V 
20 /E212A, D, C,.Q, G, H, I, L, K,M, F, P, S, T, Y, V; 

- 1 2 0 6 A , F , i) , N , r , F , C ^ F /^F I. , K M F , ? , S ? , H , Y , v 
/E2I6A, R,, i', ,;, 0. - f, :-h ^ - f. F, f, y, v ; 

- X 2 0 t.k ,. R , I) , F , F , F , Q , F , H , L K , W , ?■ P , F T W V , v 
/KF69A, F,, D, F, C, E, Q, Q, H, I,, L, ^F, F , P, F, T, VJ, Y, V; 

25 -PFIF.F.. R, i: , FF F, 0. F. H, T , L,, K, M, F, P, F,, T, Y, V 

/E216A, R.D^ D3,C,Q,G,H, I,LFK,F1, F, P, S, T, Y, 

■■ FFIFA, R, D, Cf F, H , :. , L, ¥,^, F, , T, Y , V 

/KF 69 A , R , r> , C r H: , g , G , M , i! , X.. , M , F, P, S , =r , W , Y v ; 

-£2 1 6A , R , i!; , F , L! , 0 G , F: , ;; , L- , K , H F, P 3 =r , W , Y V 
30 /K269A. R, D, F, G. E. G, H . I , P, S, Y, v; 

Ail Termamyi-like a~air;yiase defined above jriay suicabiy be 

v.5i'C ^ r \ ' ...--'')-*'■, 

However, in a pro.F:j;. : e J crF.;odimerrt the variarF: c-mpri CvIk-. i,he 

foliowinq .rjiv..\.y; F . v. 'vVtFlF m SEQ FJ NO; ^; in 

35 corr6?pO:;dir.--.i po&.i.t ic.nes In another parent Ter:fi,:-;.ny:; -i ixe a- 

ajTsyiases, 

In another es^^bodi^^rent the variant of the invention corrsprises 



IB 



mt/mmmm 



{TvP] :.'; ;.5 in coi re:-jponding positUms in anouher paxerl 
■re.; rn.;;:r.y.; ■- like o'".;i;-:ylasf,>s , Said vai\larit i^ay further cos^^prise a 

5 in f.ret'e rred erf^bodimertt of the .Invention i,:h<i,: pa c en v. 

Texmamyl-like «-amyl.ase is a hybrid <x-&5Tiylase of SEQ i.D l<!0: -1 
and SEQ ID KO; 5, Specif icaliy, the parent hybrid T&rraamyl~iike 
a~amylase ^nay be a hybrid aipha-aj&ylase comprising the 445 C- 
terrrdaal amine acid, residues of the S, licheniformiB a-amylase 

10 shown in SSQ ID HO; 4 and the 37 terminal amino acid residues 
of the a- amylase derived frota B. amyloliquefaciens shown in SBQ 
IB MQi which may s-aitably further have the foliowing 

mutations: HlS6Y+A181T*K'190F+A20.9V-fQ264S fusing the nusibsring ir: 
SBQ ID NO:; 4) < The l&tter maiitioiied hybrid is used in the 

15 Sixm&plBB below aud is referred to as hEl7%. 

(Seneral mutati Qns in varia nts of the inventioa^^ 

It may be preferred that a variant ox the invention comprises 
one or more itiodlf icstions in addition to those outIi.aed above, 

g) Thus J it .may be advarjtageous: that one or rnore proline residTjses 
presenc in the part oi: the a~amylase variant which is modified 
is/are replaced with a non-prolins residue which rmy foe any of 
the possible^ naturally occurring non -proline residaes/ and. 
which preferably is an alanine, glycine, serine, threonine, 

25 valine or leucine. 

Anr^loaouv^l it maj be preferred that one or more cysteine 
resT-dxj?-?^ rie>^ent asnong the araino acid residues *^ith "A'hich the 
paten"^ a-ayyla&e is modified is/are replaced with a non~cysteine 
.r„>siaue . ut^ti as serine^ alanine, threonine, glycine, valine or 

36 leucine. 

rr-tneri^^oro, a variant of the invention ir^ay ~ either as the 
only oaifiwatAon ox in coiiihsination with any of the above 
oatl::neci JTvodifj cations - be modified so that one or more Asp 
and'' - oresent In an amno acid frag2-:enl: cor re:vpivnd,-j-q to 

35 r*^fs » ■.: :i fragiTient i 85-209 of S£Q ID NO; 4 is replaced by 

r."^ •^>ja./or Gln^ respectively, also of inuereat is the 
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-c..!>u . porat^inig two or xtior^ of the abovc^ oulHneo 



knc-v/:j ir. the art. Aft«r a bri«f dxsc-usslon o-^ the cloriinq rf 
aiTsyi-ase^-enoodi DNA sequences, Hi«r.hod?! for generfStir.g mut. at: ions' 
at specific sites within the a-amyl -encodxng ssquenee will foe 
15 ai sciissed* 



Cl oning a D^h sequence eacodir;^ an s^-'aiay Xase 

The DHA sequence encoding a parent a~amyiase may be isolated 
troTT; any cell ox^ microorganisjti producing the a-amylase in 
question, using various jset^-ods wall known in the art. First, a 
gsnorrdc DNA and/or cDHA library should be constructed using 

the «~ajsyla$e is known, ho^dcicos? li^oelleo oligonucleotide 
probes juay be synthesiseo and uiv;-d to ^deur.i fy a-.-.=;TT.yl3ys~ 
ericoding clones froui a genomic l.ib.'a.:y prepa.r^^:d l-ro.;n the 
orgar^ism in question. Alternatively, a labelled oilgonucleocldiv 
probe containing sequences homologous to a known a~amylase gene 
co\iid be used as a probe to identify a~araylase~encoding clones, 
using hybridisation and washing conditions of lower stringency. 

Yet another laethod for identifying a-amyIase~encoding clones 
would involve inserting f r-jsgrtients of gertoMc DHA info ar: ex- 
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Che;-; pl.;;t,l;ia iihe transforiried bacr.«ria ontn. j-g-ar containing a 
£:ubs;:.rav-i; fci ■■airy.lase, th^n.-efoy aliow-lng clojv23 e;<pressing trie 
a-araylase to be identifiisd. 

Ait:^riiatively,, the DNA sequence encodirsg the &nzime taay be; 
5 prepared synthetically by ex iftbl is hcd standard msuhods, e.g. the 

synt:.nfcsi"ff:d„ e.g. in -^r; autojriat.ic L-H,-, .--ynthtsii^xir, purified, 

cic origin, miK&d synthetic and cDlyA origin or rnis^ed genoir^ic and 

genomic or cDNA origirs (as appropriate, t.h?^ frsgr!ient.s 
IS corresponding to various parts of the erat:lj;<-: DNA sequenco: , in 
accordance with standard techniques. The Dj-ia sequence may also 
be prepared by polymerase chain reaction (PCH) using specific 
pr.lsiers, for instance as described in US 4,683,202 or E.K. Sa.iki 
e£ al. (19S8).. 

20 



One* an a amylase encoa-jn*- Dsm seavience h=3ir ce^^t o ire 
a-^v dt.BxiAbl'^ B-t^. fo- mutatxoi rdcntirjea, r^>'~ * t.-^ Ou 

25 ..-troduo*.d asmcf avitheti-^ clxgonucleot ideff , "he«se clxgonaclcut 
^d^sr ourcaarj njc'eot d** se.3uenc€;s tl-^rik g aeaixcd roatat^oj!. 
.;>iteb, rautant n*. ciei^r des are 3.nserts*o dating olxgon i=l<=»ot:ide 
ietif! I- - ^'pe-ifi- met nod, s ngle-sti;. nded cf=«T- o '"SJA 

- ^ r t h 11 1 ^ i on ■> f 



wo mn94^ 



Another n^ethod for introdticing mu; 



10 I son i-i^. <„\ le <r- f oix„n "h'' r-ci- ^ \ ».h 

nutate i ma% foe solut^i cle \«qp w ^! i „ t.^r 

Hand oisi huTvaQen esis 

IS 

^a^a rf ma' a-r<f*^i > 1,3 u t b v p'*'* t ^ m d t.nf> „ocal-'^e 
v.^^ n-&pc *-=4>a-^n '^^v^t^i-ifej e-n" Tea*- •»->i e pet 

>.'*r^.'s*--'nq to the ara n-^ dw d < .^aue^cc s ov> r 

jT. ot. \ I V pf!>i c >oc tv t <*'=^ ot dr ^ d KT c^i 

xn t ne art - 

> ic the aoo r^ie* ^ ^v, t f t3"^ > i- 

^e^^^ - ^ - 1 =ibtl cia^i-i< znc pa >■ t ^ -^-^ 

to raivaoxfj Juutae^-HSssis, 
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- t 1 -> 



c u « ■> c-r^ cie di-, ^ 
a na / or i n s e r t i gt) s . 

f t '^i^oat;xna the <ieai>eijc c d rjq tn ca^ent 

-^1 c cc >j If tob^« c or& s N * 



25 qligonucleotide at the positions which are to be changed. The 

doping or spiking «ay be done so that codons for unwanted aftd.nG 

> - ^ a? , u <4 *^ <• ^ N 1 < n risA p" - c ui>e 

3() fii d lie s as> o e'^eJ jcr'^priate 
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each position is predefined. Fur iherrfu-irtv, t.-^-. djcs:;; n..-. ■ ):e 
directed toward 3. prefer exjce for che ^> rxc roductior. 
5 nucieotlcies, and thereby a preference for the ir3t;::o;.. i r. -^f 
on« or more specific amino acid residues. The aop,;j>-;; nry tae 
xo.ade, e.g., so as to allow for the introduction of 90-1 wild t.ype 
and 10% recitations in each position, An additional consideration 
in the choice of a doping scheme is based on genetic as well as 

10 prouein-struccural constraints, Tbe doping sches?e may be laade 
by using the DOPE progran^, which, i/jfer alia, ensures that 
introduction: of stop codons is avoided. 

mvan PCR~gsnerated rsmtagenesis ie used^ either a cheinicaiiy 
treated or no ^-treated gene encoding a parent a-arriyiase is 

15 subjected to PCR under conditions that increase t:he mis- 
incorporation of nucleotides {Deshlsr Leung et ai.. 
Technique, Vol:*!, i98&> pp. 11-15). 

A mutator strain of E, coil (B'owler et al., Molec. Gen. 
Genet., 133, 2974, pp, 179-191), cereviseae or any other 

m Kdcrobial organism jRay be used for the rando?Ti mutagenesis of the 
encoding the ci-araylase by, e.g., tra.nsforstiing a plasaid 
containing the parent glycosylase into the mutator strain, 
qro-wlng the mutator strain with the plasmid and isolating the 
5Ysutated plasma from the .mutator strain. The mutated plasMo 

as !T!ay be aubseque.ntly transformed into the expression organLwi. 

-The DHA sequence, to foe mytagenlsed may be conveniently 
present in a genomic or com library prepared fro.n^ an organis.ns 
expressing the parent a^-amylase. Alternatively, the ONA sequence 
may be present on a suitable vector such as a plas^.id or a 

30 bacteriophage, -which as such may be incubated with or other-wise 
exposed to the mutagenising agent. The Drm to be jtiutagenised rsay 
also be present in a host cell either by being integrated in the 
genome of said ceil or by being present on a vector harboured in 
tne cell, E^inaily, the DNA to be mutageni^ed may be in isolated 

35 lorrr. Vv. vill foe u.'^derstood that the DIIA sequence to be 
o-^->j-o-:rio to random mutagenesis is preferably a cDNA or a 
genoraxc DN/v sequence. 



as 



Xn soJTse cases it may be convenient-, to arfx-.i.My I'.h-? !V;ura""jd DNA 
sequence prlo.;: to pex fornvi nq the eKpress^^on ster. o:- or ti-e 
screening step c) , Such ajnpli float ion may be per.tcjr 
accordance with sn^thods known in the art, the pt c -^i---" ^ ^ 
S preferred method being PCR~generated as^plif ication visin^j 
oligonucleotide primers prepared on the basis of the DN=l ci 
amino acid sequence of the parent enzyxm. 

Subsequent to the incubation t*?ith or eKposure the 
mutagenising agent, the i^utated DNA is expressed by culturin^ a 

m table host ceil carrying the DNA sequence under cond\ticns 
allowing expression to take place. The host cell used for this 
purpose may be otse which has been transformed with the mutated 
O^h sequence, optionally present on a vector, or one which was 
carried the WPi sequenGe: encoding the parent eniisyirie daring the 

15 Hiutageaesis r.reatnent. Sxarrspies of suitable host cells are the 
following; gra;- positive bacteria such as Bacillus svibtxliB, 
Bacillus Jionenifo\nj;is, Baciiius lentus, B<3ciiiLss brevis, 
Bacillus stearothermopbilus, Bacillvs alkalophiluSf Sacillus 
amyic - i 'pje c : ens , So- ci 1 1 ii;v oo>-?gulsn^'. Bad 1 1 as c.i rculsnSf 

20 S.u<:/ : .■■ r. u _\i u.^; .-?;-.?catoriuj?!. Bacillus thuringiensis, 
Strep;: i'-yci:^:^ i,;r.;uj;;s --r 5treptoi!;yce5 murinu.?? and arar^-nc^ative 
bacteria sucn as coli. 

Tho nvjtated ONA sequence may further comprise a DMA seqiience 
■~!v-,'.-i:,^ .: functions permitting expression of the mutated mA 

IS sequence . 



„t 5~ * 5^-, s _ ■* ' 

techniqiiss as described above or any oth^.-^ rc::chp.iQue 
knovm in the art. Alternatively, tnt- DHA sequ-ax-sce «r.;?odir.Q i-.he 
5 part of the Dnh sequence to be itwdified may foe isolated^ e.g., 
by insertion into s sv^itabie vector, and said part *^ay be 
subsequently subjected to it'iXit agenesis by use of any of the 
mutagenesis methods discussed above . 

^ ftlternat ivg m ethods providing g-a mylase ^^ariants 

Alternative methods for providing variants of the inverstion 
incl-ude gene shuffling method known in the art including the 
methods e.g. described in i^O 95/22625 {from Affymax Technologies 
and WO 96/0G343 (from Novo Nordlsk A/Sj . 

Li 

According to the Invention, a DMA sequence encoding the 
variant produced by snethods described above, or by any alterna- 
tive methods known in the art, can be expressed, in ansyjtie form, 

20 using an expression vector which typically includes control 
sequences encoding a promoter, operator, ribosome binding site, 
translation initiation signal, and, optionally, a repressor gene 
or various act! vat ok genes. 

The recoTTiblnant expres:sion vector carrying the Dm sequence 

IS encoding an a-aniylase variant of the invention jtiay be any -vector 
%i?hich may conveniently be subjected to recombinant DNA 
procedures, and the choice of vector will often depend on the 
host cell into .srhich it is to be introduced. Thus, the vector 
may be an autonojr.ously replicating vector, i.e, a vector whicn 

m exists as an extrachrcniospmal entity, the replication of which 
is independent of chromosouial replication, e.g. a plasmid, a 
bacteriophage or an eztrachromosomal element, minichromosome or 
an artificial chroxnosome. ^Alternatively, the vector nay be one 
which, when introduced into a host cell, is integrated Into the 

35 hoj;--. cell g-unorfie and repl reared togetner with the chrcs^^jsome ; 
into whicn it has been integrated. 

In the vector, the D}^?. sequence should be operably connected 



vmmmm 
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sequeiiCU- wnicn shows V-ranscriptional ac-;:ivity ir; the host, cell 
of choice axjci xaay fcs derived froi?; genes er:Codi.;vj prote:n;v eithe-: 
homoloqouu? or neteroiogous to the ho>3t. cei i , E>:ar.:p.les of 
suitable pvoinote.os for dir<scting the trans: crip I: ion oi t.ha ONA 

qeae {a't-yD , tb^ prorcioters of: r.he Baciiluc^^ in'-,ef3roc;;::>rn;opn-iiU5 
f:iair.o';en ; amylas?;: g-sn-v idniyM), tVie promoters of t..r^-:5 £i^;;;iliu6^ 
a.??;yioIiqi.!efacie;;S a-amyj.asa {a;sy(,)} , the proT!\otei:?.: of, fr;-v Ba- 
oiLu;.5 i;;.;.C'ri s xylA and xyiB genes etCx For trariscr.iy! ; o-.; in a 
funqa.l ncsf. , eKan-.pIat^ ci useful promoters are those d.e,rived frosn 
■".he ou:ru^: o-;cod.ing A, ory^ae TAKA an'jyXasef Rhizomuaor rniehei 
aspartic proteinase. A, xiiger neutral a~ajjiylase, A. /uger acid 
stable a-amylase, A, niger glxjcoamylase, Rhi&omucor miehex 
lipase, A> oryzae alkaline protease, A, oryzae trioss phosphate 
Isoraerase or A. BidU-Zana acetamidas®. 

The expression vector o£ the irivention may also comprise a 
suitable transcription terminator and, in eukaryotes, poiy- 
adenylation sequences ope.rabiy connected to the DNA sequence 
encoding the ct-~amylase variant of the invention, Terminativon and 
polyadenylation sequences may suitably be derived froTTs the same 
sources as the proraoter, 

Ths vector ■r.ay further comprise a DMA sequence enabling the 
vector to replicate in tne hosf. cell in question, Bxarr.plss of 
sucn sequences are the origin?; of replication ot piasniids pUC19, 
pACYCn?,, pUBiaO, pS194, P.AHB1 and pIJ702. 

Tne vector may also comprise a selectable marker, a, a, a 
i-.he product, of v,;hich complements a defect .i.a the hcs*: oe.i.U such 

which ccnfara ant.-.b.i.otic resistance such 3.1; a!np.ic.iilin, 
such as a.mdS, argBf niaO and sC, a marker giving rise to 
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Whil-,r IrJ- r.v;tr i .lul r.r v^\p,;^is<vior; may 1>- advar.tageou.^: ir. o.cf;i-> 

5 Q'ene;;:3iiy prefers T".h3!. ■■.rso e ;<;.■.{: e i> i or; i.v ext. ract- .h.;.. ::5 . iu 
■■.•e!:e,; i=<l; th-" Sac.:'. .;. I u>aLry.lase.v s-senuioried ne.re:.:'. c r.rr i i-j a 

-„'oluur-'; -no-.j • -.rr , f ro.ble, th:ss prexe',j,.o:. may rap.: s -e.j 

by a dilierent rr-rr-^c;,i osi or .signal sequence, --^orverjiently accons- 

10 pLished by sub5^ti-^\5tiors o.t the DNA seqj-nce.r^ encoduv;; r..'u^ 
respect, i.^e praregions . 

The procedures used to liqar.e ths DM?\ joust ; ;.u:t of trv;= inve;i- 
tion er5Cod.i.r.'3 ars u-aniylase vv.$r.K^r:r. , the promoter, terrrdrsciuor and 
other eieiiien::s, respfrctiv<.^ 1 y, svk! i;u>Krt, chera .Irsco sa.ii:w,ale 

m vectors c -nt -s-n^n-:! Ihi < for repiicauior;, 

are veil kr.owr: to persons s.icx.r.i.ed :.r. the an-, icf., xor inistancs,- 
Sanibrook et ai,, Moiecular Cloning; A Laboratory Manual, 2xx<i 
Ed*> Cold Spring Harbor, 1989). 

The cei.l o.f the inventioT-s, either conipris.lng a DMA consuru.-^t 

•20 or an expression %'ector of the invention as ds^fins-d «,oovsw is 
adxfaatageousXy used as a host cell in the reco^xb mani |.,.toQucL.lon 
of an tx-amylase var.iant of the invention. The eo.", :ia>' be 
trans.fo.i'^;ed with the DNA construct of the inveniio:'; <^;. ;..r..- ^ n- 
var.5.ant, conveniently by Integrating the DHA oon-uraci. v.ik f.-n>i 

t% or more copies) In th« host ohrojriosomev This integration Is 
ger->srally considered to be an advantage as the DMA sequence is 
more iikeiy to foe stably maintained in the cell, inte^^r aci of 
the ObiA conistrncts; into the host chrosiosome iT^ay be per.forTaed 
according to conventional methods, e.g. by homologous or 

m heterologous recombination. Alternatively, the cell inay be 
t.ransformed with an expression vector as described above in 
connection with the different types of host cells. 

The cell of the invention may be a cell of a higher organisin 
such as a Ts-ian-smal or an insect, but is preferably a microbial 

35 ceil, e.g. a bacterial or a funeal {irjciuding yeasL} ceil. 

Examples of suitable bacteria are graa^.positive bacteria such 
as SaciilL's su,5tiiis, Saciilus licheniforrnxs, Bdcillus lentus, 
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- V i / I'jr 

rornicviiOi « by xz-7xn rompy^unt cells a ,Tanr.«- c^ok, .s'-- 

JO ^A,'^v"£-„<30, I'u-i .f^ffp^tous fuigi'? ma_v ^Jvantt-aeous y doIo: to 
s ^occiOi o£ Ax^e^g. ' e.g. 4sj ^r^'U^Li- ^ryrae r .j-p ^i^v 

1 Of-*. £U--4al o Tay bo tra-^^f orsneo b- a rr-^^cess ^n^'">lv^-is? 
oro*-op*a«i*' lorn.oitio'" and tranijtorsif''- on ..f ir.e protoplasts ^ol~ 
Uw^o b:: i.x^ijenf'jal^o^- of the II wall a Tan'^s>- KViomi p.n 5^ 

1.5 H -^.-tjt <„ .^rrof'd^i.?^ fo:x trais "o'-'Uat.^on o~ Aspcz<^JLlh s ho^>,. 

7' >et «s iartnox a^p«*ct , tHe p^<=>5!Fnt xrs'cntxcn trflates to a 
-e*-hod oZ pioJucxnq an a csravj-.^ssa var ant ot t ^nvertioj , w^ic'. 
^fe.aoa ccinpi-sas cj't^vati fj < -lost -^eli des-cr^necl .-^bove 

aa »n:^oj: wO.id. .lon^ ronduca\c to ptoauc::ion of e ^^ariaut a:.a 
xo OvOo. i c vc'^'iart tro- tr,e c^ils ^ta/or culture m.-d^vftu 

n -<r-^-.^!r o i:v c^^lti.v-::'-!:, tbi- ccl-.5s nav be a y cc: vcntj.o.-^~ 
x^uUf^b^** ror growing rnc bjs^ oel ^u^ati^jn an'J 

ob.a^r.ii.v^ rxpr ?ts oi th^ a amylase var.a t of mveiUor 
2$ iJuiuabi; mpo^a av^ available rton^ co.^uorc^a. s=u5plia::& or na^^ b* 
IJ^uparo^- <iCco'~d:L 4 to pabi.s^"ed r^cipe.^ as det-cr-oeo t 

w^t-alnqre or tbe .%u£^can Typo Culture Co^losuiors) . 

The? a-..-.^ ias« V lant S4,riPten fron« ihs hv.'^*- cell.- -u.s con- 
vr-„^-t V be re-o^-ercd fro.r tn#» caltux^ jneaiu-. by well- uow-n 
30 »xo. <iCv.ie&, n.vuai ■'fj isOpa atxng tn^. c?/!** rrcr» tx^^; nea:^.*?! bv 
co'"*r.t..TAtxoa Oi i-^ ^xAf-^ar., ano prerxp-vtatx-^g ote^-^are-sus 
„\w,rn*^nt3 the m^d-i by noa s or s salt ^^uoh a*' r-s-) xur 
o-ato, u-'.owea b;^ t: t u^e cf chion;c.rt>9xapha - prooeJuiei, sucL 
as lor^ «/rha-rfo o> r.'^T a *^qr^p>^\ , aff -itv cnrcmat, oiapny, ot t^e 
35 like. 





^ sweeteners froni srarch : 
?^ ''tr,adir :.ona:" process^ for conversio of starch fructose 
ayi-upa norTnai:y consists o£ three consecutive enz'/wd>ti2 

15 pr ocesao^, viz, a liquef actios* psrocess followed by si ijaccharj- 
ficatioft process and an isomerlsation process, Durj.nq th*? 
liviuefsctio:. process. j^T:;jrch is degraded to dextrins by a~ 
amylase Tetm&^-yr^) az pH value,^ between 5,5 and 1.? -snd at 

teraperatvirej^ of $5~I6a'C foi. « period of api!rt;>;. :r ;v.Mr.-:;< In 

m order to ensure an optimal ^nzy^e stability under tl^e^^e crrxL- 
'^lon^, : mVi of calcium is add^d (4C ppm fres calclun ion&) - 

Alter the : iquetactic- process the dexrrXns are converted 
into dsjKtrosf* by addition of a qlucoarayiase {e.g. m^T^) ar.o a 
deb.:anching enzyme, such as an IsoaiRylase or a pullalanase (e.g. 

25 ProiYioryne^'} , Before this seep the pH Is reduc<&d to a value below 
4,?, Taa\r.raining the hiqh temperature {above ^^C) , ard the 
liquefying a~am,ylass activity is denatured. The temperafur^ iss 
lowered 60 °C, ana gluccsamylase f^nd debranching enziyTr^s are ad- 
ded, Ihe isaccnarification process proceeds for 24-72 nours, 

30 iifter the saccharif icatio > process tha pH is increa^'ed to a 

value ID. the ran<ge of 6-8, preferably pH ?,£, a.~)d the cal:;iuus is 
reiTsCved by lor. eKcnange, The dextrose syrup is thers converted 
into hian fru:;rose syrup using, e.g.. an iirsrsniobiij zed g.luco- 
sei some rase (suet as Sweet ^yrse'"^* , 

3S At least 1 eniryrnarxc ifnproverf.-;^>nt of this^ process could be 

envisaged, Keduc- -s o: che caicwitx: depevidency of the 
Ijque-.y^nu o-anolasc, AdiJlvi.^n ot rree culjiu^fi if required rc 



enLV.,;r4= adeq;. ;;te.: v' h--.-^^ stability ot a - arnylai?- , hut fre« 

ca.;o:iu;Ti :.u-.ror;o.l >■ i j-jr.:; bit<^ the activity o.r r.ho: '^Luc-js-iyOTerase 
an-5 neea^v to b& removed, .by meana of an eNpensiv- uaii: 
■•■.p-vraticr-., .^r: e;-:t--rat ivhich reduce.^ the level of Iree caicuiir; 
to below 3-3 ppjn. Cost savis^gs could be obtained if such an 
operar.icn couid be avcideo and th-a 1,1 que fact ion process could be 
perioin.ed witfvjyt add:, l/lc-n o.f rr-ee calcium ions. 

To ao]:ieve tha;:, a less C:-db-in?ri~c;ependera-. Ta ;:,an-;;;v -1 --like 
a-'.r?:v.l -s-e which i;^ Htf^bie arsd hiqhly active at low 
coacenr. r..u:icriS or free caJcrun-'- (< 40 ppsi) Is 
•;b;=-rr:;aniyi~l.i he a-arnylase should J^ava a pH optiiaura at 
ran:;!e or 4.5-^.5, pra.ferably in the range of 4.5-5,5, 



a.v rnanl: lonao above, varia,r:,t3 of the :.nvonricn nay suitably be 
• a ■■ ■ r orat.ed in der.ergenc compox?.! c i on^; . -ncreased 
: h.- .-{.ability at .low caiciujo concenr.rat.iono.: Kouivi be vsry 
oanaf.ici5l for a;Ta'iaf.^6 pexfcrmance .la deterqcai;. , t.a, the 
al-kaline ragion, 3<ater^nco i^ ;r,ade.. for exanple, 1,0 ivO ?:-^'\/2s874 
snd WO 97./C7201 for furlher details c.:-n;:er a ioe -e^--/an" 
ingredients of detergent compositions (such a.s banndry or 
dishwashing detergents), appropriate ir.ethods of fon^ulating the 
variants in such dete-rgent cojTipositions, and for examples of 
relevant types of detergent compositions. 

Detergent cosnpositions comprising a -variant of the invention 
rsay additionally coirtprise one or ihor 



ar^d/or another ■ 

3;r:yiasa variants of the invent 5 on ^say be inccrparated 10 
de\:er^:;a!r:,a at co.nventionoi ly eava.loyed concentrationL^a ic is -.^t 
presenc aoatemplaiaad that a variant of the invention iijay be 
irjcorporated in an an^ount ■x-.-r responding to 0,0000":-: i^g 
icalculav.ed a>: pure, active enr^yj^v; protein) of a-aiTiylase per 
iiv.er of va.sh/di-hwaa.n iiqno.r u.sir.ci ao-Lventional dosing levels 
of detergent . 

Tha invention also relates to a 



ii-'S\.'..j\-:.c'-:rx!iophllas cc~aaylase having the ssqueruve shown in SSQ ID 
H'j: 3 and a Termamyl-lxke alpha-arnyl&se derived ftoiti the B. 
5 licheniforxnis a-amylase having the seqiience shown in SEQ ID NO; 

Furtner, the invention also relates to a composition 
comprising a mixture of" one or ir^ore variants according tne 
invention derived fro3i (as the parent Termamyl-lilcs a-amylaseS 
10 the B, st&azotheruiophiluB a-amylase having the sequence shov^n in 
SEQ ID K'O; 3 and a hybrid alpha-asrsylase coTRprisma a parr, oi" the 

of C:h'i; 5. chen.;i\:>r.«; j.s a-an^yiase snown in SEQ ID NO; A. The 
latter mentioned hydrid Temamyl-Iike a-arnylase comprises the 

15 445 C~tertninaX amino acid residues of the B. lichenifarmis a- 
amylase sbow« in SBO ID I^IO; 4 and th& 37 M~tertninal amino acid 
resid\ies of the a-amylaise derived frosj^ B. axsylalxquefaaiexis 
shown xn SEQ ID NO? S. Said latter mentioned hybrid a-amylase 
may suitably comprise the following jtiutations; 

20 H156T-^AlSlT4-Nl90F-f-A209V+OS64S (using the numbering In SEQ XD HO: 
4} o In the exatnples be'^ov; saia :;yhr;o r.-arent Tern^;-^T.yl - 11 ke «~ 
artiylas^, is used in cotribanarcion with variants cf. f h~; 1-nve;-itlori. 
which variants ?t^.ay be used in compositions of th^- .invT^r.t:,on , 

In a specific eitsbodisient of the invention the oc..-r-..;;s.iuioa 

25 cotnprise© a mixture of and e.g., in a ratio of 2:1 

to 1:2, such as 1;1. 

A a-amylase vari-i;.;. tn-.- in^'erJ^;.!: or 3 ccinpjsit.^ c-n o': v.he 
invention inay in an aspect of the irivention be ui~-ed ^or waohino- 
and/or dishwashing; for textile desising or for starch 

30 liqnefactionx 



ESG aipha.~affiyias€ : B, ste«z-Q£jje.n»ophii;is alpha- avxyl&se depicted 
S in SEQ ID NO; 3> 

TVBi46 alpha-asiviase variant; B, 5tea.rot./iermop/3.ilj;s alpha- 
s'. \ . 5.. ^ .t;i ^;op„.\. " - Tr= NO: vr ^ " < r. :o>- . , 
mutationst with th« deletion in positions il81-GX8S 4 bfl93F. 
LEI 74 hybrid alpha-amylaae var.iar.t: 
50 L£n4 is a hybrid Tera-snvy 1 -- 1 i ke inlpha-aiT-.yl ..nve teinv .id-Anticai 

to ^ , »L O t ' -^'^ \ 

anivlase ol:ovra m S£Q 11^ NO: 4, >:sxcepi. i.hat c.ae N-te.r.uvina.;. 35 
amino acid residties (of the mafcure protein) has been replaced 
by the N-terminal 33 residues of B^H (!aature protein), i.e., 

HOj 5, which further havef olio wing mutations ^ 
H156Y-fM,81T+NI90F-i-A2G3V-fQ264S {using the numbering in SEQ I.D NO; 
4), LEI 74 was constructed by SOE-PCK (Higuchi et al, IBBB, 
HucXeic Acids Research 16:73SI5. 

ao. 

Fermentation and purification of a~aiaylase variants 

A B, subtillB strain harbouring the relevant expression 
piasxald is streaked on a LB-agar plate with 10 ug/ml kanamycin 
from --SO*!: stock/ and qro'ifsn overnight at 37*'c, 

:2S The colonies are transferred to 100 nl BPX media 

. f . I , : ..^ U I , V. 

C.o;np:-...^v.- 1. ion c t BPX rs-edium: 



Potato starch 
Barley fiour 
BMsT 5000 SKB 



Ha;HPO.,. 12 HfO 



100 g/1 

SO g/X 

0.1 g/I 

2Q gfl 

9; g/l 

0.1 g/1 



The culture is shaken at 37 at ^'^G rpixi fbr; 5 <iays> 



:..c o^aact. XB oaa'y^od against iUi^iM 7ri.\, pH <^.0 ana aprj' 

V- V ;Tr.f-=5syr<;,i; ny me Tnaa^Ms ^ssay, axe pu'.^ied wa.-. 
H'\' fK,s.ivO' Ov.fiJ m ^ ^ "lUtt?., 

15 

AcfeimtY determination ^ (KM?) 



O^s*? K1.I0 a pf5h-a""^yia;?:f- Dm I \1 KNU' is the am^jui.r of on;:..^e H*ixch 
brvaic down a al^itch ii-Xxckr Ar^viir? SoltJ^^ixC, ijJrg, :i 

canciition: 



^'ibf^ir-^i-o so.Viible starch 

Cai,ci'a?i ccntexit an solvent 0,0043 M 

Hoactxoa tiit\e ?~20 minutes 

leiaperacure 3:7*'C 
pH 5.6 



30 Dt-;i;a;,i-.K-; aeNmrn.joa ji. Novo Nordisk's analytical xnethod (AF 9) 



3S 



1. ^plication Field 

.f-.- 3?. hod ^isecl lo ccierrs^m^^ «~a£>''vl arc a-t^vicy in 

5 o>..riors and rec:>v«ry saa^ples and formulatsa and. Qrarivj^-jted 

2 . Principle 

BS-amylase breaks- dov/r: the subwLrar.e (4 , &--etiv/li,df;fU=: sG ) ■■■■:^■■■ 
nitrophsnyi (G, ) --a, D~maltoheptao.side iwritten as etnylif^^ne-G,- 
10 PHPj .into, o::; on.ne,r things, Gj-?NP and C-j-PI'^P. w.here G denoted. 

g:..-PH? and G3~FNP are broken down by a~g.lucosidase, which is 
added in excess^ into gXucos.©: and the y^Ilow-coXoured p- 

15 ".fhc- c-:loui .reaction is ;r^onit.oxed in situ and the change in 

abcorbaiic-:; o■v•.•;^v t. mie ca.Icuiated as an expression of tha apreed 
of the re.uct,:c:. a-^d thu<? of the activity o.t the ■^ftnzyrrLa, Sea the 
Boehrlngar Mannhei;;- 14<;2 309 guldelirses for further detai-ls, 

S.0 2.1 Rea-;tion conditions 



Pre-mcubacion time: 2 ;«in<jtes 
S§ Detection: 

?J a length : -105 njV! 

Measu.r'smeHt titm: 3 miftut^s 



3v Dt«£init:ioji ©£ XJnits 

30 Bacil2.us stearothezmophius a.lpha--amylase (B.3~ajuyi?iKe^ aci-.i^\i cy 
is determined relative to a standard of declared act.^.viry and 
stated .in Kiio Hovo Units (Stearotherrsophilus) or KUiJiS}), 

4, Specificity and S^insitivits' 

3S Limit of deter?5u.n.atlon: apx^rox, 0,4 KMU{s)/g 
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Coba3 Fara analyser 

Diluted {e.g. Hamilton Hicrolab 1000; 
5 St Irrer plates 

A ready-made Icit is \3sed in this analysis to determine a-ajrsylase 
aci;iviLy, NOte tnod: tiu- reagsntx^ epec, : .:r the eubstratt and 

m a-'xiucooldsc.*,' are no", used ae desorit.ed che Boshringer 

Mannheim guidelines. Hox^svsr, the designations ''fouffer'% '^glass 
X", g_.ass la" and Glass 2'^ are those referred to in those 



guideilines. 




• wtituan 



6.2 g-glucosidase help r eagent 




Boeh ringer Mannheim 1^42 309 



BPIj 35 {30% ;v./V Slgrea 430 AG-6) 
Deini aer a 1 1 v;,ed water 



lip to Zf G&Q mL 



Brii 35 solution 
CaCl,-2H;0 {Merck 2382) 
Deniiner a li sed water 



882 g 

up to 2,000 nVL 



.5? T>-J.: 



30 



7. Samplsia and .Stt^xidards 



35 Example; Preparation of B.S-aj^yiase standard eurve 



wo wm0 



^t.'5bliiser correspoiul-i.a:; li of 

added and the flask Is filled to the rtiark 



A Harrdlton Microiab ICCO is nc,-?d rrodc 
diluent V 





h-nsv-me St OCR 
solution 


1^ staDixiser 






20|iL 


r:-80pL 






i 
















50uL 


r5 50}.4L 








B4QpL 


f;"0^ 



7,2 l^e v e 1 con t tal 

A Novo Jlordisk A/S SS aitjyla^e level contirol Is included in all 
Kuns using the Cobas Fara, The control is diluted with I?, 
stabiliser so that the final dilution is within the range of th« 
standard curve, All weights and diliitions are noted on the 
werklist 



7.3 Saia ple so l utions 
20 Single det examination 

Fermentation samples (not final samples) from production, all 

fermencaiuon sasnplss from pilot plants and storage stability 

samples are weighed out and analy^sed once only. 

Double determination over 1 runt: 
is Process sajaples, finv^l fermentation samples from production, 

sajuples from GLP studies and RicD samples are weighed out and 

analyzed; ts?ioe. 

Double deterrainations over 2 runs: 
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F3,r:x;v;,h;;:Q p,L'o-;ii;ct s:a;r,pies are weighed out and <3nalyted twice over 

T'Luvt sanipl.-.'^ iive diluted with demineraliiiied wauer w.i.th l?- 

;vtab::iiser v.o .upprox, 0.03? KmiS)/mL on the basi?^ or i-.heir 

expected activity. The final dilution i^3 jnade direct inco v.h« 
sasp.ple cup. 



8 i Procedure 

M 7;.,- v."^- 5-.K~^3e5* th-;5 Keighf /dilutions. 




;a"-U.:~ M : crd: .-.nd .-^ work::,.;-.: ic; pi^nved r-yt 



15 ^ The Ssir-'.p-le^ ana cor.r^ro?. are weighed out and diluted a& stated 
on c:vj wxjriiixst with hand-written weight data is inserted into 
the SS-amylase analysis logboak 
* The results are coxsipuUered automatically by the Cobas Fara as 
iescxibed ij^ itart> 9 and printed oi5t alon.9 v^ith the stanaara 

20 cur^?e* 

« Workiists and results pri .touts are inserted into the hS- 
amy 1 as e ana 1 vs i I.ogboo k . 

25 » The samples ai;e placed in the sample rack 

1 The five standi^rd^s are placed in the calibrauior. rack at. 
position 1 to 5 {strongest standard at po:i:iticr. t-) , and 

30 p.Ui^oeo ir, t;-al rojaqe-;". rack at position 2 (hoUier f; ; , 

1 The a."qluc.:::sidase help reagent is transferred to a 50 
reagon^. ccniainer and placed in the reagent rack at position 2 



The main principles r.f. r.he analysis are as follows : 
20|iL sample and 10|.3.L rinse-water ar« pipetted into the cuvette 
along with 250|.iL a~glucosidase help reagent. The cuvette rotates 
for 10 eeconds and the reagents are thrown out into ths- 
I horizontal cuvettes. 25p,L substrate and 20fiL rinse-water are 
pipetted off. After a 1 second wait to 6n.^ure that the 
teinperatare is Sl^C, the cuvette rotates again and the substrate 
is mix&6 into the horisontal cuvettes. Atosorbance is Pleasured 
tor the first time after 120 seconds and then every 5 seconds. 
,10 Abv«;orbance is measured a total of 37 times for each sample. 

The activity of the sa£npie.s is calculated relative to K?ovo 
Nordisk A/S staridard. 
IS The .^.tandard curve is plotted by the analyser. The curve is to 
be gently curved, rissing steadily to an afosorfoance ot around 
0,25 for standard no. 5. 

The activity ox the sampU? in KNU(S)ML is revad off the 
standard curve by the analyser. 
20 The final calculations r-o allovv for the %/sights/diiutions used 
eii^pioy tnc foliov^ing tori^uila : 

Results are .^-,.5 i- ed with 3 signllyicanr. digits. Hcv;\'v--ir, Cor 
30 sa5Ts.ple activity < 10 KNU(S)/g/ only 2 siQsiir i--anv diqir-S are 
given* 

The follotvirsq rulss apply on calculation o.f sr^ear; values; 

Data which deviates laore than 2 standard deviations frorn the 
sean value 1.^ not included i/i the calculation, 
SS 2. Single and double determinatior. over one run: 

The ,me.an value is calc^ilated on basis of re.-sult.-s lying within 
the standard curve's activity area. 
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3. Doublf.- d«v..er;T;inar. .ior;s over two runi-;: All values are ir.cludsd 
.l.n v.ru- mea;-: value. C^utliers are osutted. 



10. Accuracy and Pracision 



valiOaiiOii anaiv3i3 rejuilivs lo.;. a nuvrsber of xird.shed proaucts 
and til® level csntrol.: 



linked ■.rso.Ujbi-^ .blL;-:-"oUHnred starch polymer which h3s been 

For every single, rj^easuren-ient one v.e-Olet is :i;\;j.:p;-fTv;ied l-i a 
tube conteirdng 5 mi SO jriM Britton-Robirsson bufter -v;: ;^;oe-:ic 
acid, 50 inH phoxphoric acid, ^jO mM boric acidf C>'i rrM CaCi^, pH 

the a~amylase giving soro-ble blue fragments. The afosorbance of 
the resulting blue solution, jneasured spectrophotoinetrically at 
&20 nis,- iB a: fimcstisn of the a-araylase: activity. 

It iv^ important, that the measured 620 nm abaorbance after 10 
or IS .minutes of incubation {testing tistse} is in the range of 
0.2 to 2,0 absorbance ui\its at 620 sm. In this absorbance range 
fnere is linear! i-.y bei-.yeen activity e;nd absorbance (L.aM>ert-Beer 
la«') . The dilu-.lon o.f." the enayrfie muBt therefore be adjusted to 
fit this criterion. Under a specified set of conditions (temp., 
pH, reaction time,- buf.fer conditions) 1 uiq of a given a~amylase 
will hydrolyse a certain amount of substrate and a blue colour 
will bs produced. The colour intensity is measured at 620 nsr.. 
The measured absorbance is directly proportional to the specific 
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acriv:U"y •; .ViCC -'/.i r. y./nxj of pure a-asisylas--.: pr ;i". e:; ; of the a-^ 
amylase in quesj:ion under the given set oi conditions. 



wo mmm rcmmnM&m 
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f.rom plafinia pU&liO (Cryc-v«ri, T.J, {197e- J . e^uct : 31 - 

329) . 

JO The DNA sequence of the mature part of a^nyS i;? shown as SEO 

ID NO: 11 and the amino acid seqiASBce of the mature protein is 
showB as SSQ ID NQs 3 

8SG variiant TVBl^S? which contains a deietioh of 6 
nucleotides corresponding to arrdno acids I181~G182 in the 

35 Tsature protein* is oonstructed as follows: 

Polym^ras^ Chain Reaction (PGR) is utilized to ajsplify the 
part of the amyS gene (from plasmid pFLlll?), located between 
DUA primers BSGl (SEQ ID KO: 15) and BSGH2 (SEQ ID NO: 18), 
BSGl i$ identical to a part of the amyS gene whereas BSGM2 

20 contains the 6 bp nucieotide deletion. A standard PCK reaction 
is carried out: 94*'C for 5 lainxjteSi, 25 cycles of ror 45 

ssconds, SO^C for A5 seconds, 72^0 for 90 seconds), 72^': for ? 
minutes xjsing the Pwo polyj?\erase under conditions as 
recomrsended by the manufacturer, Boehringer Hannheija Girsbh, 

25 The resulting approKlsaately 550 bp amplified band was used 

as a isegapriiaer (Barik, $; and Galinskl, MS {X9S1} : 
Biotechnique.s 1.0: 489-490) together with primer BSG3 in a 
second PCR with pPLlI17 as template resulting in a DNA fragisent 
of approximately 1080 bp. 

30 This DNA fragment is digested with restriction 

endonucleases Acc65I and Sail and the resulting approximately 
550 fop fragxaeni-. is ligated into plasasid pPLlll? digested with 
the sanse enzymes and transfora^ed into the protease- and 
amylase~d«leted Bacillus subtilis strain SH?.2?3 (described in 

35 WO 9 :• ] 1 J 5 " 5 u^i WO 9 5 / 1 0 6 0 3 ) . 

TKanATiVvC. ;;-?a.isl-.anl-. and sivarch degrading transf ormant vv;;xe 
ar.aiysed for Che presence of." the desired mutations (restriction 
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:;;a-.-..st u- ver:.rv t r;-.- nl ; oduct i on of a Hindlli oii-e ir. r.h-:> 
ov;r-', -rrio r>KS., l:-<;^tv;-;:en restriction ~ite,y Accf^T 

I i.ca<.' 5 t -. ~; i,^y A -.^dquenclng za ensure the presence of 
only tne desirea aiu cation 3, 
5 BSG variant TyB146 which contain? th ■ ^ -'.;c. le?- i .ic 

deiecion as TVB145 and an additional vsubst .tciou of dspacaainc 
193 .for a phenylalanine, m93F, was consttx5Gt:ed in a similar 
way as TVB145 utiliaing priiner BSGm {SEQ ID ^jOr 19) in the 
first PCR. 

10 BSG variant TVB161, containing the deletion of I181~G1S2,, 

N193F, and hlOAF, is constructed in a sinsilar way as ths two 
previous irariants exoapt that the tesjplato for the ?CB 
reactions is plasird.d pTVBl46 {pPLin.7 containing the TVB146" 
mutations within amyS and the ir^utagenic oligonucleotide for the 
13 first PCE is BSa«3.. 

BSG variant TVB162, containing the deletion of I181-G1S2, 
and E210H, is constructed in a si.miiar way as TVBi61 
except that the mutagenic oiigonucleotide is BSGM4 {SEQ ID NO: 

2& BSG v^rian- TVBlo?., con^.^ini^.^r the :!oii-.t-:on of I181~G182, 

and U.;2Uw, is constructed in a similar way as TVS163 
except r-hat the mutagenic oligonucleotide is B3GM5 (SEO ID NO: 

25 puriti.ad -^^^ described above in the ^'Haterial and Methods" 
a set ion, 

Measurstsaant of tte c&iciurs- and pH~d<S5!p«ij:sd©nt. stsisiiity 
M Nor.T,ally,, the industrial .;.iquera::':ion process rjns using pH 

6.0-6.2 as liquefaction p]\ and au adfriciou ox 40 ppni fr.-ie 

calciun-v in orde.r to Ltr^prove the stabilrty at 95''-C-10:: ''(\ ^^or.ie 

of the herei;-; proposed subatitutions havn^^ been raade i.o ordor to 

.issprave. the stability at 
35 1 . lower pH than pH -6.. 2 and/ot 

2. at free calciu^> levels lovjsr than 40 pp» free calcium. 
Two different ir.ethods have been used to measure the 

.uKprovements in stability obtained by the different 
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substitation^^ ir, r.he u-arnyiase from : .^r.;<- ; , ••pi.-iiui> : 

Meuhod 1, One assay ivhich jneasiucs Ihc Kiv'^M:,>ty at redacsd 
uH, pH ,s,Q, in the presence of 5 pptu fre« calciuiru 
iO fig o.v th,-2 <'ariant were incubated under the 
•ro] lotv.i.nv condic-ions; A 0.1 H acetate sol oh 
3diu<~r.«o; r.o pH 5.0, co^-tai niaa 5ppm caica jt ^ 
comrviOj-! corn sc.3i-cn irr-^-e of. calciufa; , Inr n^t^ n Vs3s 
^a.ijde in a var.er bath ior 30 minutes- 

Metncd >. Or:?- a:?$av whi .:"- ir-ts-asure t" \^ i i 
c:b:i;-:iT;C-; oi' rree calciuivs and v/aere the pH ^ 
n.C:, ihi;.' :^i;~s«y rneasuras the decrease Ir. u ^ u \ iv 

:0 UQ c;" th.^ vi.\>;i.;3;:t vv'ere incubated undes ^ ^ ^ ^% - 
condiL- : 0,;. m acetate solution, pi ^ t 

pH £.C, coru-.aining 59 w/w common corr^ stcs h * o i 
calcium; , Incubation was laade .in a vater bath at ^S^C 
for 30 minutes, 

^MMiAA"^-.y....!j.^ terinx n a t i o n 

:a:.; rh-:^ ;u.ah,L;ilv crialsr I, 2 have been made uai&g 

The enzyrse was incub;it<r>.d und'- . < - - \> ^ , 

Sax^plBB were taken at 0, 5, TiO, "'o aia v t ^ c - ' . 

25 ti.T^es (same dilutio;;:! tor ali taken Sv.5nr>?-^ i ^ > catiis 

(0-lH 50mH Britton butl:er pH 7.3; ana -^e a<^ti.'vj.t> y>» 
jneasured using the Phadefoas assay ;?harmac:a^ undi^r -b.anae.a 
conditions pB 1,3, 37**G. 

The activity rsteasured befor:; incutoatior (0 ^.in«tes) was 
used as reference (100%), The accl.re \t> percon:, was caK-jUted 
as a fus^ction of the incubation tiL^e. The table sj.o>fi^ the 
residual activity after 30 rninqtes of incubation. 
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VARIANT 
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DELETION 








IN POS. 
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I181--G182 


I181-G182 
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{TV8145) 


f N193F 


^ Ni93r 1 








{TVB146) 


+ E214Q 1 










{TVSi63} 
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3 Stabilicy jjietrsod 1. / Low pH stability improvement 

The ternperature describet in ir.ethoci 1 has foe^n reduced frost 
95*C to 70*C Since the amylases mentioned for SEO ID N0^ 1 and 
2 have a lower therj^ostability than the one for SEQ ID HO: 3. 
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Il'4CU3ATION 


ID. NO; 2 


SO: t 




NO: 1 




AMYLASE 


VARIANT 
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VARIANT 










WITH 






DELETIOH 




DELETION 






IN POS, 










D183~G18<1 
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-Q 




Tmr — 


100" """ 
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Stability iaethod 2. / Low calcium sensitivity 
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Specif ic...a.ctivlt y . ..^g.^g^gi i^i^ t 
5 The specific activity v?as determined using the Phadebas 

assay (Pharmacia) as activityMg enssyme. The acti^'-icy was 

detertnined ■using the a -amylase assay described in the Material^ 

arid Hethoda section, terein.: 

Xne specific activity of the pacent enzyme and a single and 
K) a double iivotation was determined to: 

BSG: SEQ ID HO: 3 (Parent ehsyme) 20000 m/mg 

TVB3.45; SSQ ID HO; 3 with the deletion in positions 
1181-0182 J {Single mutation) 34600 tW/jp.g 

15 

TVB14 6: SSQ ID J<J0;3 with the deletion in positions 
1181-0282 -i- N193F; (Double jnatation) 

36600 NU/iag 

TVEi63: SEQ ID NO; 3 with the deletion in pcsitlons 
20 I181-Gi82tH1533F-i-E214Q: {Triple iKutation) 36300 MU/mg 
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lOi. >jv5ren a dG:?aqe or Sf' ^Ki ;3} /-j DS av, pH 5,^ w.^Ch 5 

u.p;n adaeci C^^', lo compare the p*n-f oan'5nc<^' of ucassuiaced 3SG 
5 alpha-ajnyXase variar^t TVB14 6 (SEQ ID r^O; 3 with d-sletioj^ In 
positions 

Ii81~GiS2 + with that: or paxe^nt BSG aipha-atfiyiase {SBQ 

ID NO; 3; - The reaction was monitored by measux-ing the DE 
increase (Neocaproifte method) as a function: of time. 
m Corn sr.arch slurries were prepared by suspending 11.8 kg 

Cerestar C^&harn^ GL 03406 (89 % starch) in deionised water and 
making up to 30 kg. The pH was ad;|usted to &.S at asifoieat 
tempesrature, aftsr the addition of 0-55. g GaClj. 2H:jO. 
The following ensymes were ueed: 

15 

TVBi^6 108 mO{B)/g, 146 KJ?U{SMS)/g 

BSG ai«ylase 101 Kmi&)/g, 98 KNU(SM9)/g 

An amount of enzyrae corresponding to 50 W {SH9}/g DS was 
20 added, and the conductivity adjtisted to 300mS using SaCl. The 
standard o".ndition5 were as follows: 

2.5 Ter>-!rer-?ture "10":. "C, E niin iPiMStdry "iiqueiaccion) 

>jb\, , 90 min: {SeoGndary liquefaction) 

3?i transported .m .?e.v5.1ed therj^os-flasJcs from the pilot plant to 
the iaboratoiv,, where secondary liquefaction was continued at 

10 ml aanspdes were taken at 15 xrdnute intervals from 15-90 
minutes. 2 drops of 1 N HCl were added to inactivate the 
35 ens:ya\e, FroiT. these samples, 0« 3-0.1 g (according to the 

expected DE) we.re weighed out and diluted to 100 ml. Reducing 
sugars were then deteririined accord.ing to the ^Jeocoproine irsechod 
(Deterifiination of reducing sugar with irsproved precis.ion. 
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'"■yov;:t. Thomas flS65!. Anal. bl--^C'"'in i; 

:^n-:-i values aeterrtaaed . The deveiopment of DK as a i-.y 
of. time is given in the following cable j 
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As cbr j.-'^ ;.^>--<.v.i Che o.iipha-amyi-^-"?s- variant TV81'4 6 performed 
sigr.ificsnr.ly berter under industrially relevant application 
conditions at .U>v-<' levels oi; calciu£n than the parent BSG alpha- 
aniy la.se:. 

10 

E5CM5I^LE 4 

Jet Cook and Liqu efaction with of alpha-amylase 

Jet cook and liquefaction using a combination of the alpha- 
15 amylase variants-., fVB.146 and LEI 7 4 (ratio 1:1} .were carried out 
at t.he following condivions; 

Subst.!-:ate: A*E.* Staley food grade powdered corn, starch 

3:5% using DX water 
30 Free Ca'^' 2«7ppia at pH 5,3 (none added, frojT* the starch onlyl 
Initial pH 5.3 

GOv'?e AP^' uj:V:.vs iAF9 is available or; request.) lor each enzyme 

variant v,-as HU/g starch dto .fo.r a total dose of 56 NU/g 

Temperature in prlrtiary liquefaction 105*C 
25 Hold tiise in primary liquefaction 5 rtdn-utes 

Temperature in secondary liquefaction 95^C 

At 15 minutes into secondary liquefaction 1.5 gms of 

hydroly?.ate was added to a tared one liter volumetric 

containing SOOcc of DI water and 1 ml of one normal HCl and the 
30 exact vt , added was recorded. This was repeated at 15 jt^lnuts 

lnterva.l3 o!.5t to 90 ruinates wltn an additional point at 12'? 



wo mmM'7 



30 4/8: 

4S 6,3 

60 7.B 

75 9.4 

90 10 .4 

127 13 -l 



wo mi mi I'^cmmmmmM 

SQ 

Klein, et al., BAochersixstry 199>:, 31, 8740-8746, 

$ mz\ino> H,, et J. Mol. Biol. {Um) 23^j, X232--1283, 

Chang, C, et al, J. Mol. Biol. {1933) 229, 235-238. 

Larsori, S,B.. J. M. Biol. (19S4) 235, 1560-1584. 

Larson, e.L-, J< BiQl « {1994} 236, 530-600, 

Qian, et al., J. ml. Biol. {19S3) 231> 7$S-799, 

IS Brady,, R.L., si: ai-. Acta Crysfcaiiogr. sect. S, 47, 57.7-535. 

Swifa, .H.J.f et ai., Acts Crystallogr. sect. B, 47, S35-544, 

A. Ksdzlola, Ph.T, T!\es.xS:: "Ar; a,lpVi'*~'5n5yl ase frorr. Barley and its 
M CoK^plex UT. r\ F.-lo.^v r:^ Analogue Inhitrit or Studied by X-ray 
Crys-callography", Deparur^ent of Chesrdstx-y jniv^rsit-y of 
Copsahagerj 1993 . 

moQmgotr ;e;>^>, mod Bydro(^olloid$^ 1981, Vol,!^ No* 

25 

a-T.ylase fx~ofu Bacillus steaxcotherfnophlluSi FEHS Microbiol- l-st- 
ters; 56: pp. 53-60 (1;988:> . 

30 Hudson et a. I.,,, Practical Itmmoloqy, Third edition (1989), 

SaivCcic-ok wV. a],, Molec ular Cloning: A I^afoorator); M<x;\iiai f 2nd 

Ed*, Cold Sprirsg Harbor, 1989- 

35 

S,L, B&--ucaae and H,H, Caruthers, Te t rahedron Let ters 22, 1981^ 



wommM'7 



SI 

■mttms St alv, The EHBQ; J, 3, 1984, pp- 801-805. 

5 

Nelso , and l.->n<j,- Arniyr-cai Biochertiistry 180, 1989, pp, l<r-'"151 

10 Hunkapillsr et al,, 1984 , Hatiars 3X0;: 105-111 

Pw Higuchi, B. Krujamel, and R.K. Saikl (1M8) . h general j«etho<i 
ol in vitxo preparation and specific rautagenesi/s of DNA frag- 
raenrs:! study of protein and D^3A interactions, Nucl. Acids Res, 
13 16; 7351-73:67. 

D«feftau et al,, Ig^I^ Hal. Biol. 5% :pp. 209-221 . 

Girycsaa al. ^ 1978, J. Bacfc^riel. pp. 318-32:9. 

20 Eriich,: i977> Prog. M&tl.. tod. Sci. 74, pp, 1630-1682. 



BoBl et aX.> l*J9d^ Bip:s3i:6mx:gt:ry 3, pp. :6244-62:4|. 



wo fJ9/i9467 



53 

1. A <\;;r.iant of a parent Termaray: -likiv a-anv/lase -^vitn a-amylBse 
activity cotrsprisirsg mutations in two, three, four, fivih or six 
5 of the following regions /positions or in corresponding positions 
in other parent Ter;T;r.;,rt-yi-Ilke o.-amylases: 

Crelative to SEQ ID MO; l; ; 
1: RISIS G182^% G184* 

2 : NIS'SA, R, D, C, Q, Q, H,, T , I,,, K, H, F, P, S, T, W, Y , V; 

4 : E 2 1 2 A . R , 0 , ?4 , C , Q , G , l-i , I , L , K r H , .F. P , S , T , W , Y , V ; 
; i-::21 tA.. R, i>, C, Q,, G, fi, T L, K,i^, F, P, S,T,W, V; 
K269A, R, >i, C,, E, Q,, G.. H.. I,L,H, F, P, S/T,W, 
(r«iative to SEQ ID NO; 2); 
IS 1; R1S1%G182*,D183-%G184^ 

2 1 N 1 <j 5A , R , D , C , E , C: , G H , I , L , K , M , F, P , S , T , W , i' , V ; 

3 : V2 0 , R , D , N , C , E , Q G , H , I , T.: , K , M , F , F , S , 7 , ;^i , Y ; 

4 : E2 1 2 A , R , D , N , C , Q , G , H , I , L K , M , F , P , S , T , I'i , Y , V ; 
^> t F 2 1 6 A , R , D , > J , C , Q , G , H . I . L , K , H , F , P , S , T , , Y , V ; 

28 6 ; K2 6 9.A , R , D , N , C , E , Q , G . H , I , L , M , F , P , S , T , W , Y , V ; 
{ReiatixJ'e to SEQ ID ^40: 3): 
1 : HI 7 S*, GX8 0 ,11 8 1 * , GIS 2* 

2 : R, D, C, E, Q,G,H, I, K, M, P, S, T, Y/V; 

3 ; L204A, D,n,C, E,Q,G,H,1,K, P, T, W, Y, V; 
15 4 : E210A, D,n, Q, G, H, I, L, K, f, P, S, Y, V; 

6 : S267A, K, D,H, C, E,Q. G, B, I. K, F, P, W, Y, V 
Relative to SEQ ID NO: 

1 : Nl R, D, C, E, G , H, X , K. F, P , S , T , W , Y, V; 

3 : R, ti,C, E, Q, G, H, I , L, K,H, F, S, Y, V; 

4 1 E21iA,- N, C, G, H, I , h, K.M, F, P, S, 1% , Y, V; 

S ; 02 fvlR , R , C , E , G , H , I , L, K, F, P ^ S , T , Y, V ,> 
; re 1 r.- 1 i v u 1 1; 5£g I D HO : 5 ) ; 

35 1: •R176*,G1?7*,E178,G179* 

2 : HISOA, R, D, C, E, Q, G, H, I , L, K, F, T, Y , V; 
3 : R/D, S,C, E, H, I, L, K, F, P/S, T, yf, Y; 
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positxcns in another parent a~aiByiase,.. 



ainviase. 



c so > 
T J NO 



fehe 
SEQ 



30 <x~3!r!ylase j.s a hyhrid, aipha-amylase comprising the 445 C~ 

te.r;r;,in.:-l andrjo acid residues of the B. lich&nifanniB ^-amylase 
shown irj SSQ ID ISO: 4 aB.d the 37 N- terminal axtiino acid residiies 
csf the ^--amylase derived from B. amylolique£aciens shown in SEQ 
ID HO: 5. 

35 

7, The variant accoz^din<3 to claim 6, vv^-^ersin the parent hybrid 
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Termamyl~llk.e a•"asr^yl^3se further has che followlM mutatior^s: 
Hl56Y+?a6lT-t-Sl$QF+A209V-<-Q264S (using the numbering in SEQ ID HO; 
4) . 

y-- aV,-;. 1 It y at acidic pH and/cr loi:'^ Ca''' concentration; 

i:^. A Dt4A construct comprising a DNA sequence encoding an a- 
aiaylase variant according to any one of ciains 1 to 8. 

10 

10. h £eco;r;Dirx'^h-. oxp::-^^;-;.s i o;\ x^ector which carri«5s a I>m con- 

11. A c&li which is transformed with a DNA coni?trucf. sccording 
15 to ciaiB S sjr a vector according to eiaim 10. 

12 < A call according to claiin 11, which is a microorganism. 

13. A cell according to claim 12, which is a bacterim or a 

28 f angus . 

1«, The cell according to claist! 13, which is a qrairipositive 
bacterium such as Bscillus subtiXis, Bacillus? licheLitoutii!?, 
Bacillus lentuSf Bacillus brevis, Bacillus ste^rcttier!r.opr,j.ius, 
25 aaciiius alkalophilusf Bacillus amyloliquefaciensf SaaiJlus 
aoagvlanSf Baaillus circuMnsy BaGillus Jmitus or Bdcillus thu~ 
ringiensis- 

15 < A detergent additive comprising an o~onvlass variant accor- 
30 ding to any one of clalras 1 to 8, opl-..iona.l !.y .in the torn> of a 
non-dusuing granulate^ stabilised iiqvsid or protected anzyme. 

16. A detergent additive according to claim 15 ^sfhicn contains 
0.02-200 ntg of enzyme protein/g of the additive. 

17. A detergent addit-.iv& according to claisT>s 1.5 or 16, which 
additionally comprises anocher ensyme such as a protease, a 



peroxidase, another amyiolytic ensiyme and/or a 



18 > h detergent composition comprising an w-sinyiase variaru-. ac- 
5 cor ding to any of claims 1 to 8. 

uiouaily wosnpr-ises another ensyxne such as a protease, a lipase, 
=j peroxidase^ another amylolytic enKyms and/or a celiuiase. 

A ■•t.'. Tu.i'5 ; ^-.a-frtsa'cic dishwashing detergent cost-poai tiers 

ooniprising sn a-amylase variant according to any one of claims 1 
to 8, 

which ad-.u t.ionaily coi?-prlses another enzyme such as a protease, 
a lipase, a peroxidase, another aiKylolytic enxiyHie and/or a 
celiulase . 

m 22. A inanual or, auton-.atic iaunary vsasning cois-iposition jonprisdng 
an a-amylaise variant according to any one of claims 1 to 8. 

addicionaily corsprises another en^yjv.e such as a protease, a 
25 lipase, a peroxidase > an amylolytio enisyme and/or a cellulase:. 

30 .uC-,:ordAn-^ to any of olaixv-s 1 to 8 derived from las tho parent 
Termarayi-iike a-aiTiyiase} the B. stecirotnermophilus a-aitiylase 
having the sequence shown in SEQ ID ^20: 3; or 

{ii) a jrdxture of the a~amylase frotfi S. stearotliennophiltjs 
having the sequence shown in SEQ ID NO: 3 with one or more 
35 variants according to any of claims 1 to S derived from one or 
more other parent Termairtyl-like a~a?uy"las©5;: or 



56 

u ^ i ,• ;r,ixr';;f or n^ore varaant© according any oi: elaijfi X 

s"^ <i-sr.-}.x?ed xrorn (as the parent Tern-iamyl-iike ot-amyiajse! uhe 
steai'othermophilus «-amylase having the sequer^ce shown in SSQ ID 
NO: 3 with one or moxe variants according to the invention 
5 derived fxotn one or raore other parent Terrnaitiyl-Iike a-amyiases* 

25, A coKxposition compri&inf ; 

a mixture of one or more variants according any of claims* 1 to 8 
derived from {as the parent Tenr!'.5sr:y.l -1 ike a-amyiases the 

KO: 3 -u.d a Terjuamyi-i..5.ke a : p;\a -ariVisso c^^rived rrotr. cVi^ B\ 
lichenlforsnis cc-araylase havin<3 the seijuence shown in SEQ ID KO; 
4 , 

a mixture of one or Kwrv: variarst-.^ ?.'..-CT':.-jinq any of -...i^irs.i- ] ; '"j o 
deri\^ed frorf^ {as the parent Terjuafayl-like a-anyl'^se.) the B. 
staarothermophilus a-ainylase having the sequence shown in S£Q ID 
NO: 3 and a hybrid aipha-ajtsylase coTtiprising a part of the £*, 
2^5 asiyloliquBfacx&ns a~a«iyXase shown in SEQ ID NO; 5 and a part of 
the B. licheniformis et-amylase ahov/n in SEQ ID tiJO; 4. 

27. The composition according to clair?; 2t, therein the hybrid a- 
amyiase is a hybrid alpha-an\yla$e cosripriaing the 44S C-terminal 

SEQ ID ^50; 4 and the 57 *<i-cerininal a«dno acid roaidixcs oi; the a- 
amylase derive^d from B, amyloliqizefacien& shown in SEQ ID NO: 5. 

2$. The -;c;rpcoi.tion according to claim 2"?, wherein the nytorid a- 
30 amylase further has the following mutatiGns; 

HlSSY4-AlSlT4-Nn90F4-A209V+Q2€4S {using the nuRibering in SEQ ID MO: 
4) , 

29. The cdffipositien according to claims 26, coiaprising a mlKt^re 
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30. Use of an a-amylase varianr. ac<-ordin;j to any oi; cl-.5lr;;s i i.o 
8 or a oon-'cos:.tior, acccrJ^n^^ Ic a.v, c* t./a^fn^ to ^ for 
washing and/csr dishwashing. 



31. Use of an a~amyiase variant according i c ar:/ or ci^.-ir;.? 1 to 
8 or a compo."3it.ion according to any of claisu? 24 to 29 for 
textii e des i zing . 

32. Use of an a-amylase variant according to any of claims 1 to 
8 or a composition according to any of claims 24 to 29 for 
s t a r ch ,1 i quef action;. 



15 33. A method for generating a variant of a parent Tsrma5^yl~like 
a-aniyiase, which variant exhibits increased stability at low pH 
and at low calcium concentration relative to the parent, the 
method c oxrsp r i s ing t 

(a) subjecting a Dr^A sequence encoding the parent TermaBiyl-like 
20 ct-affiyiase to random catagenesis, 

(b) e>spressing the mutated DMA sequence obtained in step {aj in 
a host ceil,: and 

{cj screening for host cells expressing a mutated a-amylase 
which has Increased stabiiitv at low pH and low calciuni 
2$ concentration relative to the parent a-amylase. 
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sC; CITY; Di\~c;j?iiC> Sacssvserd 
iE} COUI^TRY: Denmark 

:r'K;p:;oNi-:- - r;-- .54 Scs 8S 

fH! TSLEFAS: -f'SS -54 49 3S SS 

MEDIOt'i TYPE: Floppy oil sk 
;.C; OPKRATIHG £iYgTfc>i! PC> DOS/MS-DOS 

iDS SOFTWARE:: .^'atentln Kele&ss Vex^gion #1 , 25 {EPO'J 

2) JWOIi^l»,TIO« FOR SSQ 11} mi I; 

■m\ TYPES amino ac±d 
;C) STHANDStl^SSS : single 
(DJ TOPOLOGY : liftear 
ill) mLSCOLS TYF'E; pssstld® 

mi) ss^wKJE-. isBsc»imG»{ $m id mt n 

His Hi.s Asn GLy thr Asn Gly Thr Hat Jfet Qln Tyr t-h<a Gi« T>:p Tyr 



L«u Pio Awn ,?lf5p Gxy Asn His Trp Asn, Arg Arg Asp Ksp Ais Ala 

2S 3Q 

P^ST: L,-asj Lys Ssr Lys Gly lie Thr Ala Vsl Trp Ii« pro Pio Ala Trs 
3S 40 45 

Lys OAy «!«r GJn Asn A«p Val Gly Tyr Ai--; ' Asp Leu Tyr 



A«p I:su Giy Giu Phe ASfi Glxi Lys Gly Thr Val Ai:g Thr I<ys Tyr Qxv 

€i> ^0 7S SO 

fhr A>g Asri Gis\ Leix Gl« AU Ala Vai Thr Ser L«u Lys Asn Asr: Siy 
85: 90 95 

.Tie Glrs Val Ty>- Gly Asp Vs.1 Val Met. .^sn His Lys Giy G.i.v Als A;sp 

180 110 

Giy Thr lie V^t.l .^i.-sn Ai;s Vt«i Val Asn A.rg Seer hsn Ara Asn 

lis 120 " 125 

Gin Giu Thr x^«r G.ly GXu Ty?: Ala Lh-s Giu A-ls Tfp Thr Lys P>m As;p 
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?hsi Pre; Gl.y Ai-fj G.ly Aj.r. His: v;,=;i- fh,j j.y^ -x'^-p ,-,,.,3 <|^v.p 'fy,. 

145 150 155 1«« 

Kis Vi>i: Gly Thr ^is):- Ti'p Asp Gin Ser Arq Gin Leu Gir. Mr. L,vs 

ifi^ 170 i?5 

lis Ty,.- L:'.^ Giy Thr G.l.y Lys hU 'fro Asp Trs:,- Qi-i Vsl Ayp 

li^O ISS: iSD 

Thr GXv: ».3n Giy «sf> Tvi- ?vsp Tyi- I<e« l^^st Tys Ai« .As;;.- Val As» m>t 

200 305 

Ajp --^ > V,:- >--j,3 Gil! LsM; Arxj n Trr . , v'&;i Tip Xyj: 

210 2iS 220 

thr A?r. Thi- L^u Asn Asp <21y £>h8 Arg He Asp Ala Val tya HLs 

221 330 23S: 

Lys Tyt Ssr Ph« Tiij; Arg ftsp Trp Leu Tiw: His Vai A?.;; ihi 

345 £50 ' 2S5 

Tis" GXy Lyis Pro mt Phe Ai« VaJ Ai« GX« Phe Trp Lys Mfi Asp Leu 

2m Z&S 270 

Giy AJ.a Xle Giu A5r. Ty;: Levi A:S5i Lys Thr Ssr Jsp Asv-. His Ses: V&l 

275 280 285 

P^i«: ?ksp Val Pro Lesi His Tyr Asn teu Tyr Asn Aia S»r hiu^ S«!r GXv 

2§0 2^5 300 

Gly Tyr Tys: As;p Hsl- Asg Assn IJe Leu i^sn Giy Ssr V&a Vai GIr> Ly.? 

305 310 3iS 320: 

Prtt Thr His A2a Vsl Thr Ph«4 Vsi Asp Asr* His Asp SS£ Gir- Pro 

325 558 SSS 

Gly Olu Ala L«!U GXsi Ser Phs Vsl Glrs Gin Trp ?h® Lys Pro Leu Aj.a 

340; 3fS ' S5Q 

■Tyr AXs Leu ¥al Liiu Thr hrq Glu Glr, <Jly Tys: Pra Ssr Val Phe Tyr 

:3&5 MQ 365 

Gly Asp Tys Tyr ?.?.\y Xle if-ro Tr^sr His Gly V«i ?ro Ala mn. Lys S«r 

370 575 300 

Lys. lis? As;p ?ra l<eu Ls« G,ln Ala Arg G.\a Thr ?hs Ala Tyr G.!y Thr 

3S5 390 395 ' 4 OS 

Gin His Axp Tyr Ph« Asp Hi« His Asp li* Gly Tr:p Thr Arg Giu 

«05 no 415 

c:-.- b*:r Pio Ai^Js Boj: Cly L^u Al;; The- He H'?'. Ser Assp 

4 20 425 430 

Gly irv-- >.V!v' Sjy Asr. Ly." Tf-i-> Ms-t Tyr V-i? niy Atn Ly;^ Al« Giy 



Gi.n Trp Arg Aap XIs? Thr Giy ^isys Arg Tt^r G.i.y Tb.?: V.:J. Ths- He 
439 *SS 4m 

h&r. hl& Asp GJy Tr.p Gly Asn Phe Ser Vai ;u?r: Qiy Gly S«ir Vai S«?r 

47S ' 

v«i Trp Vai -liya G-Xn. 

TK'FORMATiON FOR ,;l NO; i-; 

• TOPQLQCJy ; .linear 
!iiv MOLSGOLE TYPE:: p«ptirf^ 
(Kl) SS^J^ESCE DESGMPTIO?>Sj SEO 1& ISO: 2; 

?ji{5 His ftsr. GXy- The Assi Gly Thr M«- M«t GIr. Tyr ?>h« GJij Trp His 

LBii Vm h&n Asp Giv Asn His Trp Ass> Ar<j L*su Arcs As» Asp ;?^X« Ser 
20 2S 3D 

Asn Lv:H. Ar j AsEi Acg Gly lie Thr aia ils Trp Il« Pro Pro Ais Trp 
35 40 45 

£.ys ;-,iy Tr>;: Sc=r C-in «:5r\ A$«p V&l Qly Tyr Gly Tyr L®-vS Tyr 



3S 



50 

His ?he Asp Giy Vii.^. rcsd Trrp A^iD Gin Ssr ;u:q Gin ?r\e g;.;. ^ 

16!> 170 r?^s 

Tyr Lys Ph«- Arg Gly A«p Oly J.y;; T>:p A^=k, Tip Gl-.s V.^; Ms- 

5S 1.8Q iciS ISO 
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Gi^ AsJSi CA-/ Asa Tyr .Asp T>.'!r L«iU M^t Tyr fiia A:5p Vsl At;s> H*'; 
im 2S0 205 

(^i.- V;-;. Vjl V=. ?virx C5.U ki-j A;:.; Txp filj- Glu Trp Tyr 



10 



275 

Pr>? As?- Vsi Pro L%u His 



ass 



A.a Ss>5; Giy 

300 



Asp t'S&t Ala 
310 



His Pro Ms«: 



fiis hl& Val 
3SS 



Lys Lew iaau. Ann Qly Tftt Vai.V&l -Qlti hys- 



Tns Phe Val Asp ilsn Mis Aj;p S«!r Gin Vv< 
330 335: 



Gly GiSi Ser 



Leu Qlvn S&r 
340 



Ph«; VsX Gin Giu Trp Phe Lys Pro Lsu Ali 



'i'yr Ala Leu L-ssii Tfer -Jftrg 6i«- .Gin Gij? Tyr Pro Ser Val. S'be Tyr 
3(!0 ' 365 



t>«:r v'al Pro A- a Mav Lys Ms 



Lys IXs? Asp 1 
3S5: 



(. Qlu Ala Arg Gin A&a Ala Tyr Giy Thy 



a!-i 8i55 -Asp 



I'yr She Asp 
40S 



His His Asn lis He Giy Tjrp Tl:,- Ax 3 <.U-.; 

'ilO 4iS 



Qiy Fro Gjy ; 



: A?.n Srr GJ.v L-m> Ai« Thr lis M«:t S«;r Asp 



■ Trp Het Tyr 'Vsl GLy Qln A&r> Lys hl$. Gly 
440 4. 55 



G1t,< Val Trp j 
450 



: Th£ Giy ter* Lyij i'r 
46S 



V3I Tfu: 



Assj-s Alii As;p ; 
465 



ly Trp hi a 



isn ?hf? Ser V^al Ass; Gly 01 y Ser V«i Ser 
47S 480 



V..-. v.. 



>-o.a^, tMl >?LC 



Alo a:^ Pr>^ Phc AS", v-ly Ttt Kc-^ Mft Cln Tp: Fh« Gi a Tip lyr ^^'5 

A ^ 10 IS 

^^^3 ' ^ ~ - -vs y<j„ Ales uau a:.i is^r- hsn 

25: 30 

Lex, i?is-r ^5rr Ls'u oly Thr Alj L-eu Trp Leu Txo p};> A].. Tvr :jVS 

Giv r'hx .-^i^r Arvj Asp V=sl r.\^r ryr 0,ly V«i Tyx Asp Lei. "vt Aj^p 
SO SO 

Leu <iiy iJiti Fhc Asn Gin Lys A]:a I'.il Atq Thi Ly& T\r Giy Tnr 
6S: 70 75 SO 

Lvs Ma 'lyi Lf>u G3r. Aia IXe <JXr. Ala Hiss 01\, Ket 

Gin V«l Tyi hi^ A«^p V,i- V^l Ph« A&p SUs- '-^y ^^^^^ Asp Ciy 
IQS 110 

''hr Ciu irr Va. Assp AiA V.il Asr. Ir^^ ^:<5r As^p j K^r^, Clir 

120 1^5 

Tit; S«r Giy TV)r Tvt Clr lie Sirs Ala Trp Thr L-^- Pf^o Asp 
liO 13S 140 

^■^YC Ar-^ niy Asrj Thr '^^yr S&r St*r P^^c Lys 'ITr Arc Trp Tyr lis? 

ISO 155 ISO 

Ai'p vjy VAX Asp 'Jrp Asp S^ei Arg :>V3 t^su ^i<Si As.^ ilw Tvx 

170 17S 

Fhi:- Ax •< Gly :i<a G^y Lys Trp i^s^p Trp C^:u V,il At^ Tht Gl« 
ass: IBS 190 

As."! G^v Ar^rj 7vt Ajtp Tvr L«-i Kd\ Tvx rU<s Ai^p L^a A^p M^t A.sn rfis* 
195 200 205 

' 5 >S i"*^! "'p " / "Vi 'iM Vc3l ASTi 



Ser Prss Phs Pro hap Tsp S$r Asp Val Arq S^>i- Gir. Ihr Gi.y 
2 SO " 2SS 

Lys Tio Leu Phc: Thr Va..\ Gly <3iu Tyr Tfp Ser Tyr Asp Asn Ly;i; 
2ge 265 " ' 270 

His Asri Tyr lis? M«K Lys thr Asn Gly thr ?^<st Sej: Lsu Phe A3f> 
275 2:S0 2§S 

;'>J^> Pxi> Leu His Asn i.ys Ph« Tyr Thr AU Ses Lys Ssr Giy Qlv Thr 
290 2:~f5 300. 

f'h« A^p Ker. Arg Thr Lgu ^3<&t Thr i^jm 'fhr Leu Mat Lys Asp Cir. Pso 
305 310 3:1§: 320 

Thr L©u Ala V'al ?h£ V.a.i. A:sp Asrs His Aj>p Thr GIu Pro GXy Qixi 
32S 330 33S 

Li-?u Gh-; S<?r T3rp V&l .Aisp Pro Trp Phs Lys Pro Lfns AU Tvr Ai^ 
M% 3S0 

Phs lie Le;u Thr Arg Gin Glu Siy Tyr Pro Cys V&l Ffje Tyr <Sly Asp 
3S.S Mi) 3m 

Tv-.- rr.> Gin ryn htm II<& Pso S&r h&ix Ly« S^r Lys ils 



hsp Gly Trp GJy 0.\n FJ^s Lys \/«:[ Assvi Giv oly ;■^^-); Vdl Sj-/ V.-j: T-o 

Val f t:<..- >.i 3 Lyo Thr Thr Vai J^sr Thr lie AK- Trp 1 s<; Tf^r Thr 

Arg Pro Tsp Tht: Asp Qlw Phe Vsj. Arg Ts;p Thr Gi'j Pro Arg Leu Vai 

SOO 50:5 S-iO 



7 




fua Giu liis iily Xie Thr AJa V«l Trp Lie 
35 40 



'fhr Ser Glrj Ala Asp Val ''ily ?yr Giv Ma Tvr Asp 



GXy Glu r-he His Gin Lys <31y Tbr Val Thr Lys ?ys Giy Thr Ly;? 
65 TO 7S 00 



Giy Giu Qla Sex: Ma Xle tys Ser L-«u His Ser Asrg A«p lis J^srs 



Vai Tyr Giy '^^^p v^;.l Vs."! .lie Asn His Lys Giy iily Ala Asp .?->Xa Thr 
100 lOS 110 



<3Io Asp Val Thr AX« V=al Gin V«l i'ro Ais Asp Anq Asr; Arg Val 

115 12Q 12S 



lis Ly,? Ala T£p t;..t 



! «3iy Se^ Thr tyr -Se^ Asp: Phe Lys Trp His Trp Tyr Bis Fhe 
ISO i&S ISO 



Asp GJy Tbsr Asp Trp Asp Giu B^s? Aj:g Lys Lsa Asn Arg "Li 
165 1.70 



Phs> GIri Gly Lys Ms Trp Asp Trp Gio V&l S-sr Asn GJu Asr. Giy Airr-. 

180 i§s mo 



Tyr Asp Tyi; L«y Hat Tyr Ala Asp lis As-p Tyr Aj;p His Pro Asp v'ai 
l^S 200 305 



A.;.a Ais GLu lis Lys Arg Trp Giy ?hr Trp Tyr Ala Asn GIu L«:u Sir. 



i.-<su Asp Giy Ph& AfXj Asp ft.!;; Veix Lys His l!!-:* Lya Ph^i Ba-.x- Pr>^ 
22S 230 ' 235 240 



L-t!-j Arg Asr- tro V.-^l A.^^ Ji;;? vai Ar-j GIli Lys T^jr Gly ~l--ys O-la Met 

ibr v?:I pja Glu Tvr Txp Gir; Asn Asp VAy Li^.a Giu Asn 

2eS 270 

Tys hex.- h&r: Lys Tf;r Asn Pna As?n Hxs Sfer Vsl Ph-?- A.^-so Vsl L&v; 

2?^^ ^SO 285 

■ -^^ ^' -^-n --e M.j Ai« S«r TtJS Gi-s C\v G!- ?„y Ty;: Asp Met 

4^0 295. 3.00 

Arg Lys Leu Asn Gly Thr: VaI V^l Ssr l.ys Mi.s Pro Leu Lys 

305 310 315^ 33 f) 

V«l Thi" Phss V«I Asp Asa His; Asp The vl.r, G.v .^ii- i.-jm :,i<; 

32& " 330 ' 333 

Ses: Thi Val GXrs Thr Tr» Ph« Lys £>ro Ls^a AXs Tyr ?k.Us Phe i^su 

MO 345: 350 

Thr Ax-q Glix Ser Gly Tyr Pro Oln Vai Ph& Tys 0.1 y Asp Met tvs Qiy 

m 3m 

Thr Lys Gly Asp S«i Qla Arg Giu Pro Ai* Lau hy^ Kis. Lys Ii« 

Glii S?ro ii«s L«Vi Lys Ai« Arg Lys Glr. Tyr ?lia Tyjr Gly GIsj His 

390 " ^00 

?^sp Tyr Vn^ Asp Ris His: Asp II& Gly Tr» Thr Arc? Giu Gly Asp 

Sai: S-sr Vai Ala Asxs S«r 01 y Ala Al« L^u lis Thr Asp Giy ?r& 

^20 .125 430 

0,\y Gly Ala Lys Arq M«t Tyr Val Qiy Arc? Cln Asn AIs GXy GIx^ Thx 

-336 MO 445 

Tsp His Asp lie Thr Gly Asn Arg Sar. QU Pro Val Vai lie Asn S^sr 

4 SO 4SS 460 

Giu^ Gly trp Sly Giu Phs Sis Vai astl Giy Gly Sst V^i Ji« Tvr 

470 :4iB 



U'! K^£■DR^5ATICJy FOR SSQ TO NO: 5x 
U= j;?:OU£^«C& CHA?^ACTE£iI^^.TTCS; 

(A) LKHGTSh 460 aniirw nc-iQS. 

■Bj T!sPEi «i«lno 

;C) STRJXKDSDJ^ESS: single 



< } t !•? & ' f-<. x'xo a\<3 "v- i^s f ^ ■'t^ Jo. 



8§ 90 9S 

lOo 105 110 



i ""STp ""hr asp 'xa P> 
135 140 



24 ;£S0 



o^r iis.-> h^fs ^ r Is 



wo 9^WlM?j? 



3 J. 5 320 



385 :S9C! 

ryt jisp Ri> r^c, v<ii :><^ sxy- ix^ 'i^x ^-^ t ^ v 

40:S 410 415 

Sci St>i •^.si Ala. L^.- Kt-t ".y <f>\> A-s Ala Ho rrsj. Atj^ 3?rf> 
92S «3D 

r." ^ji-" <^->r " vs \t:Q h'cx. ry" Gi^ L\ «? A^sn Ai< o'v \ T"s" 



"^x:-- ' ; "a s si -4 Asp V<3,; lys C v ^-^s 

455 ^€0 

Gi> r-js: r.\3 p.c Hi ? ^a: R'-'- \sr o<i> sei. "vs; s&i, i^t i^a 

4:SS .4.78 47S 4B6 



Si. « v,?v *^^r -^s- T-.i »t ^k'*■ -^l'^ .v f^ij Xrp 



•>x N K-=;r hsi f'x ^ V . f'ri m Aje.-, 



Oly lie Thi- v«i Trs iis l>x-:> Ps:o A^^, ' 



Ly -- ^>---5=-5 Asp V:j§ G>y I'yr 01 y AI:i Tyr .'isp L«:!,i Tyr 

50 $0: 

ksp J-e;; Gly GX-o l?hs Asrs GIrs i.-yis Gly Thr Vsl hxq xht: tva Tvr Giy 

65: 70. 7& " Hn^ 

•Thr hy:<i Ssr Gin Lsu Gii; Ala Ala V<ii Thx S&.r Lau Lys .A^r: A.r.r. KIn 

lie Gifj Viil ?yr r51y Asp Val Val MeS: Asn His Lys Giy Glv -Ala ?\sp 

300 IDS " lie; 

AIs Thr Glvs H*t Vsi Arg Ala Val Givs Val Asr> Pro Asri ksn Arq Asr* 

Uo 120 l£S 

GSn Gixj Val Thr Gly Giu Tyr Thr Giu Ala Tip Thr Arg Phe Asp 



Phe Pro Giy Aiq CAy Asxs Thr His S^^r Fhe L-ys Trp Arg Ttp Tyr: 

ISO is$. " ' ' im 



His Ph« Asp Qly Vsl Asp Trp Asp Glri Ssis: Arc Arq Leu Asr. ksti Arc 
m X7C US ^ 



lU; Tyr I»ys Pli® Arg Giy His Giy X.y.-s Ai« Trp Asp Trp GIis Va). Asp 
m iS:5; 190 



Tisr GiAi Asn Giy Asn Tyr Asp Tyr Uiu Met Tyr Al« Ass:. lie Asp Mst 
US 200 



Asjp His £>rc5 Glu Vsl Val Asn Giy Lssi Arg Asn Tsp Giy Val Tri; Tvr 
2.10 -n^ 220 



^sn Thr: L&u Qiy h^ii Asp Cly ?hg Arg lie Asp Ma yal Lys Hii 
22$ 230 240 



rie i,ys Tyr Ser Phs Thr Arg Asp Trp ii* As!i His Val A.rg S«r Aia 
245 m 



Tfsr Giy i,ys Asri M«:t Phs Ala Val Giu Phs Trp L-vs iXsci Asp L*u 
2m 265 270 



• Xi« Gli-i A.sn Tyr Lsu Gin Lys Thr Asn Tr& Ag« Bin S«!r VsX 

2?s ma 2U 



Bn& Asp Val Pro Lins His tyr Asn L&u Tyr Asjri i^ia osr Ly;? Ser. Giy 
5:&0 aas ' 300 



.<':■:.•!■. Tvr Asp ?-''ie J. Arg Asn Ph---; Asn Giy Tht; Vil Vsl Git; Arcs 
-^i^- 310 31.=; 220 

His f-rcs Sex Bis Ai-» Vr^X Thr Pis«: Va.l Asp Asn His Asp S;?s: Gir; fro 



■ Giv: kla LRU GIu Ssr Ph<? VaJ Giu Giij trp Pije i..y<: Pro L&u Ai-a 
34& 350 



• A'U Lfts3 Tiir Lsu Thr Arg Giu Gin Gly 'Tyr Prrc S<5r Va,L Ptie ly; 



■ Asp Tys: Tys; Giy lis? Pro Ths His Giy Val Pro Ai.a Arq S&r 
375 3S» 



Ue Asp Pro lie LstJ Gl-a Ms. htg Lys Tys Ma Tyr Gas^ Ly? 

330 3SS " ' 400 



■ Asr- Asp Tyr Laia Asp ilLs His As'i lie lie Cly Tr» Ths Arg Glis 

405 410 as 



' ^^sn Thr Ala iiis Pro Asn Sar Giy Leii Ar« Thr lis Mfet: Ser As& 
450 42S 430 



w "TC! Mf- >^c >'&J Atc J^s-x Lys Als Gly 
440 4:4S 



> } - r-<^ As Aif- ^n- Gi> ""ir VaX Thr T..U 

4&0. 



. ^ To 'tssn ii->p J.-<j.> sis*^ Ki^ T p S\r 



> r e 7 vo„ "^xD "^r-^ i^ia 



Asp Tip *^sp Gin 



; Tyr Lys £>h« Asrg Gly Thr Giy Ly.-; tMa i r s Asp Tr:p 0.1'.^ V=-i\ Asp 
iS0 laS: 190 



; Asr: Gly Asn Tyr Asp Tyr Met Tyr Ai« Asp Val ^\sp I 

im zm 2m 



I Vai II® His GIu Lsitt Arg Asn Trp Giv Val Tsrp Tyr 
220 



Thr Asa Thr Leu Ass-i Lsu Asp GS.y Phe Arg lift Asp Ala V^.l Lys H;. 



lie Lysi tyx Sas Th;: Arg Asp Trp l.«u Ths: His A- 7 A.sr 

2M ass 



Thr Qly Lys Pro M«t Pha V&l Ala Glu Phsi Trp Lysc As^n Asp Lsu 
Zm 2S5 270 



v'iiy Ala lis Giu Asn Tyr 1.<8« A^n l=ys Thr S^r Trp Asrj Kis Ser Vsl 
27S 285 



Ph«; Asp V3A P?:<3 Leu His Tyr A&n. Lexs Tyr Asn Aia Ss? Asn Ser Gly 
295 300 



Gly Tyr Tyr Asp M«t Arg Asa I1« UiXi hsn Gly Ssr Val V«5. Cln Lys 
305 310. 315 32G 



Kis P>;o Thr Hi 3 AU V«!. Thr l^he Vai Asp Asn Sis Asp S«r Qln Pro 
325 330 3m 



Ql\ Giu Ala L'sii G.U3 Ser Phs Vsl G:h^ Glx\ TrD Pr,e Lys. Lsu PA& 
345 " " 350 



Tyr A!?. L*u Val Leu Thr Arg Gb.; Oln G3.v tyi Pfx; il-hr V^ji Ptss Ty.r 
355 360 365 



\, .VI- Ty;: Cly LU Pro Thi: hL,r Qi^ v«l Pi > Ai<i Mat I.-y.i S«?r 

3VU 37S 3SS 

Lys TJ« Asp PxD Lshj G.ln Ai.3 Ar-j G.\n 'rhr Fhe Al« Ty; njy Tbr 



Qir. HiiS; Asp ,^^e J\,-.;p H.iij His Asp He i U Oiy Trp kiq i-^., 

«0S 410 415 

10 Giy "K!"' S-is:- Sen Uis ?rn Asn S&r Gly Txeu Thr Hs?: Ssr M^j;; 

420 .i25 ijQ 

Gly Pro Gli' Gly A^sn Lys fsp mt Tyt V&i 0.1 y Lvs Asn i-vs AU Gly 
4.10 445 

i& 

Gin y&i Trp Asp lie Thr GXy hBn Arg Thr Gly Thr Vsi Tbr; .i.is 
'350 4S5 460 

As-s kl& Asp Gi.y Tip Gly h^n S>h» S«>: V«i.i. Asn GLy Giv S^r Val S»j: 
£0 465: 470 415 4B<} 

Vai Tr}> Val Lys Gin 
465 

W {2} rHF0FS-5»T:0N tX->R SEO ID KO: 6: 
n.) ^EQvSN-CE CHAj>»CTERISTICr>; 

sCi :.>Ti-;;-?-i-)h.:)f-!S5;{>;: ^ixiqlB 
lii) TYPSi psptids 

His His Asri G.Jy ThE Asr> Gly Thr J^st Gl« Tyr i»he Glu Trp His 
3S 1 5 10 ' 15 

h^ix Vso Asn Mp G-Vy &sri His: Tsrp Asrs Aisj^ Leu tea Asp Asp. Ma Sssr 

20 zs 3e 

48 A3s\ U?v: ?irg Asn Arg Gly Xls Th>: Aia Trp IX« Pro Pra Rla Trp 

55 40 4S 

Lys Gly thr Ser Gir* Asn Asp Vsi Gly Tyr Gly Als Tyr As» le-u Tyr 
SO S5 mr 

m 

Asp Lsu Q-iy GIvi Ph?^ Asm GXts tys Giy Thr VaJ Arg Thr L-vs Tvc Gly 
eS 7?) 75 ' ' 80 

Thr Axg Ser Glr.. i.-?!it Glu Ssr Ala lie His Ala Lfeu Lys A^sx; hzn Oly 
Val Gin V:5.1 Tyj: Cly Ai-p Va.; Vai Mfet k;5j; Hit Lys Glv Giv Asp 

100 los 110 

S5 Aiij T>a' 0I=> A;;?; V.«i Alii G.;* Vsl Rrn Pso hrr, Ann As-c; As;r; 



Gif) G.iAi Ssr Kily hsp Tyf Thr JU) GIi.: Ais Tsp Thr Lys Phe Asp 
130 135 :X4C! 



f'ro Qly htg Qly i^^n Thr Tyr Sss Pssp Phe Lvs Tru Asq Tjrp Tv.r 
ISO ISS ■ " 160 



His f'h':-. iu^p Gly V&l ftsp Trp Asp GItj S«r Ar<j Gin Phs Gin A?>y, ^r<:s 
170 



lie Tyr Lys Phe Arg Gly Asp Qly Ly^; Ala Trp Asw Trp Gau V«l Asd 
l&O IBS ISO 



L kjstj Gly Jisn lyr Asp Tyr Lexi H»it Tyr AI& A&p V&l As;p Het 
200 205 



Ai;p His Pro Glu Val Vai Asn Giu tevi ftrg Ar§ Trp Gly Gixs Trp Tvs 
210 220 



Thr Asn Thr ASf) L«u Asp Gly Ph^s ^irg ils Asp Ais Vsl Lv.'s His 
230 23S " 240 



lis Lys Tyr S^sr Phs Thr Ar<j Asp T^p l=aii Thr His Val Arcj Asr> Ala 
Z43 gSQ 2m 



I'Lr o:-y Lys Gly M»«: Ph?; Ala Vai AIss Glii Ph« Trp Lys .A^s Asp L-a;i 
260 Zm 270- 



Ly;5 



Vi.1 Qln Glu Trp PJ^?.- 
343 



Tyj; Alii i,!:v«j T,ei.; thr htg GIm Gla Gly Tv^- Pro 
355 3:6 Q: 



As.p Tyr Tyr Gly Pto Thr His Ser Vai Fs:o Ala 
370 375 380 



Lys lift A«p f-ro .Tie Leu Glu Ala Arg «;ins AST! Phfe ^.la Tyr Giy T;-; 
305 33§ 3S5 " 40 



His A55P Tyr Ph® Asp iils Bis Airr. I.lss .rx« Giy Trp The Arg GI;a 
405 41Q 415 



36 



4g 



17 

TCT.'ATA-';"-" GTGGTT-nTTA TuAT/vrG?.GA a^V^ATTTT^A ATGG?TCTGT GGIGCT^..W. S€S 

c^; a-x.-ccctta.^ rrr;,;.-:. -:\r :;,5 rrr.ACcccGG ggaagcattg mss 

GA?^T.;irTTrG 'i'TC.»AC^ATG G i'j-TAAACCA CTTGC^.TATG CA-{TOQTTCT GACAACG&\A 1080 
rA?v^<^TTA?r CTTOCOTATT -rTATOGGGAT TAOTACCGT;^ TCCCAACCCA TGGTGTTCCG 

CATCCASATT CAGSCCTTGC CRCCATTATG TCAGATGGTC CJiGOTGGTAA CAAATGt^ATG 1320 

ACCGTCAC.AA TT?.c\TG-CAGi^ CGGATGGGGT ?uVrTTGTrTG TTkATGGAGG -3T<;CGTTrCG .14 40 

STTTGGGTGA AGCM 1 455 
XNFOSfmTIO^S S>CB SEO ID iiOi 10; 

!A) LE^JGTH; 1435 has® psirs 
(C) STKAHDEDiSESS: Single 

CATCA'r.AATG GGAaW>TGO GACGATGATG CA.\TACTTTG A.J^TGGCACTT QCCTAATGAT &■) 

GGGAA7CACT GGA?5.TAGA'rT «MAGATGAT GCT&GTAATC TAAGmA'UMi AGGTATAACr 123 

.\aV;G'E-AGtC AATTGGAGTC TGCCATCCAT GCTTTAMG^i. ATAATCGCGT T'CAACTTTAT im 

ACTAAGTTTG ATTTTCCAGG GAGGGGTMT JiCATACTCAG ACTTTAMTQ GCGTTGGTftt MO 

CWTTCGATG GTGTAGATTG GGIiTCMTCA CGACMTTCC ;ViA!^'.!CGTAT CTA—JATT-^ ':- ;0 

CG^iGGTCJATG GTA>*kGGCATG GGATTGG-GAA GmGi\TTCGG AAAATGGA'W TTAT\VvrrAT oO'- 
50 TTAATGTATG CAG^MGIAGA TATGG;\TCA? CCGGAGGTAG TA.&ATGAGCT TAGJV^GATCiG 

GGAGASVTGGT ATAC^^^-jif^TAC ATTAAATCi"i' GATGGATTTA GGATCGATGC GGTGA(\G<:AT 720 

#^rrA?ij^TATA GCTTIACACG TGATTGGTTG ACCCATGTAA GA,V.CGCA?vC GGGAAA^vGAA 'IdQ 

6S 



40 



45 



20 
2S 

7KfFCRHATX0^; F05; SEv ID S50c IJ: 

I A; L&l^fsSTE:: l S4b b»m pairs. 
iB! TYPS; tmcleic aaidt 

3S GCCOCACCGT TTAACGGCAC CATGATGCAG TATTTTGAAT GQTACTTGCC GQMGATGGC <oU 

CTTTG-.JCTGv CG<;CCa>CTJA OiAAOGAACA AGCCGCAGCG AC-^TACiGGTZ-i ■^UGAGTAiAv -Si; 

40 

OACTtGTM'G ACCTCGGCGA i^TTCAAl'Cm AAAGGGACCG TCCGCACAhh ATACGGA^iCA 240 

hP-AGCTCPAf ATCrtCmGC CMTCAhQCC GCCCACGCCO CTGC^u^.l^-Or, />.-^rGTAC'GC :- iC 0 

4S GATGTCGTOT TCGACCATshA AGGCGGCCCT GACGGCACGG A.JiTGG'.-:T'.:t:-;A Csj-vCGTC-JA;. ,^■^.0 

GTC^AATCCGT GGGACCGCM CCAJ^GAAATC TCGGGCACCT ATCAAATCCA AGCATGCSACG 420 

AA?vTTTGATT TTCCCQGGCG GGGCAACACC TACTCCAGCT fTAAGTGGCG CrCQTACCA? 4^0 

m 

TTT^Ji.CGGCG TTG?i?TGGGA CGA.A?vsCCGA. AAATTGAGCC GCATTTAC?^^ ATTCCGCCX^C 540 

;<T-:'::::'P^; ^c:attG GOAAGTAGAC ACGC-AAftACX> G?AACTATOA CTACTT.AATG SDS 

55 TATJ^XGAC^: TTGATATGGA TC^vTCGCXiAA ';<TCG-TGACC'.^ hOCTGAAA/^A ■;TGGGGGAAA 



3§ 



^^^^^^ c r-%\ ^r, 



f 'ivvyrc:: w^tp^^ccc ^Cv.<J5i'«T Aire 

..^?v1'"arT"i. •^i^TTX^N rA.CATC'"*' T v»?lCAA"v;t. \ 
XC?^""^l.\C^ . ^y^^-,-^ "CGCCAK .""^ aAAt-< a^!^r GCt>G I i 1<„G'?">"""G 



4S CGGft^^i-GATTG GAAGTACAM iUXTAAGCAAA AQATTGTCA« TCATGTCMTQ 

GACiACGGAAA. ,WrCGTCTTc\ ATGCACG^^TA TTTATGCAAC GTICGCAGAT GCTGCTfLV\G 
AGATTJ^TTiV\ <«,MGCTGAAA GCmJ^AfXCT ATC^^AtTGGT MCTGTATCT CAGCTTG^^A^' 

SO 

N^t^^;--- ^■^^vVA^,C. 'Jr'^TC^AlW V CJ\«^'«^;^SAA Q'^'Z'ZCh^P- C 'u'^rrTTTT 
"vvv ^s-^-^-*. v^<\s C"*^ ^*,Ai-> 1 ^ «VA TTX'^WiC? 



CGMTGCTGA CGCTGTTATT IGCGCTCATC TTCTTOCTGC CTCATTCTQC AGC?!.GCGGCO 4^0 

GCA .»AT CTT AAT G<?:G c\CG CJ'G r>"« CAG TAT TTT GAA TO:?: TAC ATG CCC 4 68 

ACG AQC 0?>?> GCC GAT GTG QQC TAC GGT <:SCT TAC GAC CTT TAT G.AT T?A 61 ^ 

GO.' CA.: G C.ViA rC-V GCG ATO .VvA AG7 CTT CAT TCC C^JC GAC ATT A;vr 70?5 

GTT TAC GGG GAT GTG GTC ATC AAC CAC AAA GGC GGC GCT GAT GCG ACC 7S6 

GAA GAT GTA ACC GCG <3TT GAA GTC GAT CCC GCT : -rr w: CGC GTA >;04 

ATT TCA GGA GAA C^IAC CTA ATT AAA GCC TGG ACA CAT TTT C.-.A'; TTT CCG >3:32 

GGG CGC GGC AGO AC^ TAC AGC GAT TTT AAA TGG CAT TGG TAC CAT TTT 900 

GAC GGA ACC GAT TGG GAC GAG TCC CQA AAG CTG AAC CGC ATC TAT AAG MS 

TTT CAA GGA AAG GCT TGG GAT TGG GAA GTT TCC AAT GAA AAC GGC MC §S6 

TAT GAT TAT TTG ATG TAT GCC GAC ATC GAT TAT GAC CAT CCT GAT GTC 1044 

GCA GCA GAfi. ATT AAG AGA TGG GGC ACT TGG TAT GCC AAT GA_A CTG CJiA 1093 

TTG GAC GGT TTC CGT CTT GAT GCT GTC AAA CAC ATT AAA TTT TCT TTT 114;} 

TTT ACG GTA GCT GA.A TAT TGG CAG ?^S!iT G;\C TTG CGC GCG CTG G^iA /iAC \23f^ 

TAT TTG AAC AAA ACA AAT TTT AAT CAT TC?i GTG TTT GAC GTG CCG CTT IZBi 

•\-cr TA-: r,-.: tk'; -^-^t gca tcg acjx cwg gga ggc ggc ■;>.: c-vr a-;-,-,- 

h£G AA.". TT" CTG AAC ."GT A.CG GTC GTT TCC AAG CAT CCC ■■■?■?• AAA TCG :;jSjO 

GTT AC3^ TTT GTC GAT AAC CAT GAT ACA CAG CCG GGG CAA TCG CTT GAG iA2b 

TCG ACT GTC CAA ACA TGG TTT AAG CCG C;T? GCT TAC GCT AT J" C"; C Ulii 

ACA AGG GAA TCT GGA TAC CCT CAG GTT TTC TAC GGG GaT AT;; TAC GCC- IS £4 

ACG AAA GGA GAC TCC CAG CGC GA.^^. ATT CCT CCC TTG ClAC AAA x'iTT 1573 

GAA CCG ATC TTA AAA. GCG AG>A ;^AA CAG TAT GCG TAC GGA GCA CAG CAT 1.6?0 

GAT TAT TTC CsAC CAC CAT GAC ATT GTC GGC TGG ACA AGG GAA GGC GAC 1 66B 



T'^T tea CC I f 



\ > 

= TQaTTCAJVAA ACGAftaQCGG ACnQTTXCGT GCTTATGTGC 300 

I "'^ - 324 

;G ATT CCT CCC GCA mC AAA GG& -FtO MJC O^A TCC GAf ?iAC 4 88 

^ ^ T \ L K U2 



wo 



FCT7PK9a/00444 



2 a 

-■C > v-^- f ^ ' ^ A\I T7i, ^.'^ Jf.-,? -v; ,>.,<j j'O S3-1 

; A/.-, cc;c atc ttt aag tit cgt qoq gaa gga .saj^ mz 

§ C.,\-^ V^T 0/',^. uVTA jCA ^.0? GAA AfiC G'X TAT GAG TAT TTA 9:50 

ATG TAT GCT CAT C=TT GAC TAC GAC CP>C CCT G,\T GTC CTG GGf> GAO ACA * 

;-.Tr oAV go: /,.v> ca? att A6a ttt Tf::A m ctg cgt gav tgg -cv;- 

GTt CAG GCG GTC AGA CAG GCO ACG G<iA AAA SAA AfG TTT ACG <3TT GCG .1125 

CAG GC:G GCT TCC TCA CAA GGA GGC GGA TAT GAT ATG AGG C!5T TtG CTG V/Sb 

20 

GA/: GGT ACC GTT GTG TCC AGG CAT CCG GAA AAG GCG GTT ACA TTT GTT 

GAA Pih'T CAT GAC ACA CAG CCG GGA Cm TCA TTG <3AA TCG ACA GTC CAA 13<;2 

25 ACT TGG TTT AAA CCG CTX GCA TAG GCC TT? ATT TTG ACA AGA r«\A TCC 1410 

GGT TAT CCT CAQ GTG TTC TAT GGG GAT ATG TAC GGG ACA AAA GGG ACA i-iS? 

TCG CCA AAG GA^'^ ATT CCC TCVi CTG AAA GAT AAT ATA GAG CCG ATT TTA IS^fHV 

SO 

.JV^A. GCG CCT A^\G GA.- A A "A: CCC CAG CAC GAT TAT ATT CAC 1554 

CAC CCG GAT GTG ATC G-SA TGG ACC AGG GAA GGT GAC AGC TCC GCC GCC 1602 

$i AAA TCA GGT T?G CCC GCT TTA ATC ACG GAC GGA CCC GGC GGA TCA AAG leSf; 

ACG GGC AA.V COT TCA GAT AC? GTA AAft ATC GGA TCT GAC GGC ^Gv GGA IN'.'-" 

m 

GAG TTT CAT GTA AAC GAT GGG TCC GTC TCC ATT TAT GTT CAG MA TAA 1734 
GGTAATAAAA ^sAACACCTC"' AAGCTGA'-"" v G'GG f'AT"AC -CTTGCAGCTG CGTTT.\TTTt 

^ ""C*>CCC<. "■G'-.CAAss. ^ ^.f-V-,., 'G ^v,'_\.o. - i i/:-; 

GTGACAWrC CGGGTTTTGC GCCGTTTGGC TTTYTCS^CAT GTCTGATTTT TGTATAATCA 1914 

ACy^GGCACGG AGCCGGAATC TTTCGCCTTG GAAAAATAAG CGGCGATGGT AGCTGCTTCC 203^ 

AATATGGATT GTTCATCGGG ATCGCTGCTT TTAATCACAA CGTGG«SATCC 2 08 '3 



(2; ::c-/:cvv;tc\ for 5eq id MO; -3: 



wo 9Wt34€7 



A'Wi.rT-"-a liTT'^rCvK^G 'i>CJiG(-<Ai-ST 'v?.-^ ?iTrC ^ W ^IV^ ^C-^'^TCTR 
sA 



wo 99/194$? 



FCm>K98/(HM44 



■&Trs;m5'xm mem 

a) J.HF0jS«AT.TON FOB SZQ ID KG; IS; 
{ S. } Sh>;-".5^:NCF, CHAP a.CTERi STICB ; 



,^Ci;iAA : C,--. :T ;.\iA'V;.";s>.JiTT ;<au;^vaA-:U"-T C-CTAGTAATC TAAGAAATAG AGGTATS.V;C 1,?Q 

15 

QCTMTTGGh TTCCCCCTOC C'XGGMJSiaGG ACTTCGCRAA ATGATGTGGG GTATCGAGCC 180 

TA7-G^iTCTTr A;^.^,^^"' ^ ^ f ^/AV>^C'~' '\ ^ \ •^■^(< ?.:C 

M ACACGTAGTC A'MTOGAGTC TGCCATCCAT GCTTTA,?!?!?:?^ ATAATC-JCGT TC?i:V.VT TTAT 300 

GGGGATGTAG 'rGA7GAACC?=i TAAAGGAGGA GCTGATGCTA O^GAMACGT TC'fTQCTGTC 

GhGQTQhAHC CiW.TAACCG GAATOiAG^ik ATATCTGG^i? ACTAC/iCAAT TGAGOCTTGG 4Z0 

ACTAAGTTTG ATTTTCCftGG GliGGGGT^AT ACAT?iCTC.^G ACTTT^ikATG GCCTTGGTAT 4BQ 

CATTTCGATG OTQTAGATTG GGATCA;>,TCA CG;%».ATTCC A^J^.TCGTAT CTAC<\AATTC 540 

m ZQi>diGxG^lQ OT.JkAGGCATG GGATTGGQftA GTAG?^TTCGG AliAATCiGAAA TT?iTC*^^TTAT 60G 

TT.K'ATGTATG CAOATGTAGA 'rATGG^^TCAT CCGG?^G-GTAG TAMTGAGCT TAGMGATGG OC-O 

G^AG:=^\rGG'' Arv^vu^TAc attamtct: GATGG^^rr^^x V -■r--'- 

ATTAASiTATA GCTTTACACG TGATTGGTTG ACCGATGTAA GAAACGCA^f^C GGG/vVUGAA ?80 

,!5iTGTTTGCTG TtGCTGAATT TTGGAAAAAT GATTTAGGTG CCTTGGAG,^^^ CTkTTTAAAT 840 

T'^AAA -ACr: ■.■ ■•:a;;GC,-V\CTA 'TG;\C;\?Go.,A AvVACTTCXI? ATCCAACOGT TGTTC,7i.WiC> #^..C 

CATCCXiATGC ATGCCGTA?.C TTTTGTGGAT MTCACGATT CTCAACCTGG GGAAfGATTA 10^0 

45 

id GCAATG.WiG CCAAGATTGA TCCMtCTTA GAGGCGCGTC P^P^.-^TTKiC «TATGGA?.CA UQ>2 
-"J-VAaG-^" -i^^-^lCCC CJ^TiiArA'^A ,->'?'C-'^5i''G^-<.'i »< T"-^A'~ i-.\A..-< 
GATCCCAS^TT CAGGACTTGC GACTATCJkTG TCOGATGGGC CAGGGGG?sGA C/>/yVrGGfiTG 

5S 



wo 93/1 MS? 



2S 

TACGT^'.QQGC AAA!fs'rAA?V;C AGGTCAA^T-TT TGGCAtC-ACA lAACT^SGAAA TA^ACCAGCA .\3SC> 
ACMi77kCGh TCAATGCSGA TGGAl'GGGCT .SUVT-TTTTCAG TA^ATGCAGG ATCTCTTTCC .14^0 



^.CUhZ TYPE; othsjs: n;).^u;ic <..cid 
SSgUSSCE DSSCRXPTION; ID f^O; 15; 



TOPOUXYt linear 
HOLv-^C-i.N ?ypK: oKh^r mscleic acid 
iA> OSSCRTPTIOK; /clesc - '^Prlmsi BSG3** 



{€} :^:r■\A.^j;.^£D^;^:ss; aingie 
{ D ) TO PC LOG : I i n©a r 
40 MOLKCULS TYPE; oth«;£ rsUcisic ;scid 

(A) DKoCRiPTIOKi /dess: ^ "}?ximes: BSmv 

gtcatagttt ccgaattccg tgtctacttc ccaatcccaa tcccaagctt 
46 tgccgcgga;;^. tttgtmm'g 



{2i IDJFORMATIOr^S FOR SSO JO ^}0; iS; 



wo M/I.Mfe? 



-Pi u 



a 1^9 L> TD 's-^ 



5D; TOPOLOGY; linear 
) iSOLECOLS TYi?E; ocher nucleic acid 

(A) DESGRIPTXGJJ; /dese - "PrUsar BSGM4" 



CTCGGT&\CC ^^CGtGGGGAT GATCC 



fi; SS^USHCE CHARACTER iSTlCS; 



CUhE. TYPE; othfiis: nucieic acid 



.A:..Ct^M0CA;nON.Or;,gUB^ 



PCT/DK 98/00444 



IPC6: CiZH 3/28, CHD 3/386 



IPC6: CUN, C lio 



S€,DK»FI,NO classes as i 



WPI, PAJ, BXOSIS, CA 



C, DOCUMf;,Y!^ CONSIDERBD TO BE RELEVANT 



m 97mU Al (NOVO NOROXSK A/S), 6 Noveaber 1997 
iUAlAlh page IS. Hne a ~ page i7, line 4 

m mimn m mm nordxsk a/s), 8 August. 1996 

mM.m. pm n - page 385 pas^ 75 ~ page 77 

«a hi mm NORDXSK A/S), m April J995 

CIO J4,9S), pagg IS, liM X - page 11m 14 



MO 9S3538a (GIST -BROCADES 8.V.), 

28 Oscember 19% im.U.9b), page 3, 
Use 20 ~ line ^6, cUisss 



1-33 



1-m 



C3 "'^^'^ 



its -01- • 



Swedish Pst^m Oiti&e 

Box 5055, 3^102 42 STOCKHOLM 



Form ?cn7iSA>S!i> (setwijd sh««t>(Jwiy 



iNTEEN ATIOSAL SEARCH IJEFOET 



PCt/DK <J8/0D444 



(Staaoft of dsscumait with. kdicAtios, wh^a-e appropriate, «f jise rijissvatit passsgss 



to Jmu^ry 1331 (10,01,31) 



IHt3SR*NA'nONAL REPORT 



Uo:< I ObservsUo: 



R^/DK ^8/00444 



»h*-vf f.eit^dn dsim were foa«sj SisMsarchabiit (OiKJ.!t!«a*is« 4f !t*m I of first shasi) 



[J p.b^sKc«.: 



2, P] Ckim^Qsi 



The ciaimsd inveate relates lo va w of a parent Termsmyl-Mke alpha^amylase 
Alargesumber of combMomofmumta are suggested, wMchgivemcrised' 
rhennostabilitv at add pH stsd/or bw Ca2-* concmrstsoos 
Several differem combmuon. of ^t^ntanon. cfoc arrvf^^ses more thermostable 
eiuyms ar^ xvel-kooun m xhc s ,,arcb .eno- common theory ibr 
. le mu?3t:on$ are su^ge^steci ihe present apphcaUou so '^speckl technic^ feature- 
tj^unakes a comnbutioa to the piior art, as dmrndf^d m PCX mte 13.2 has been found 
Although tlie appheatiois dssms a large number of kveatioas all of them have imn 

^ mSsSSiJ^'^'''''"'' ''■"''^ ^ i^im..^m,l ,,uch np^r. cos*.. 



MimNATIONAl, SEARCH REPORT 

01/12/98 


PCl/DK 98/DlM-1^1 











m mmu ax m/nm 



wo 9€f£3873 AX 


08/08/96 


All 


A 


2 i /OS/96 








9607735 A 


14/07/98 






CA 


2211405 A 


08/08/96 






ck 


1172500 A 


D4/02/98 






EP 


08X5208 A 


07/01/98 




^0/04/95 


AU 


7807494 A 


04/05/95 






BR 




18/03/9/ 






CA 


2173329 A 


2S/04/S5 






CN 


1124725 A 


30/10/96 






EP 


0722490 A 


24/07/96 


















9503916 ^ 








US 


57S3460 A 


I9/C^''% 






ys 


5801043 A 


01/09/38 




28/12/95 






22/01/98 






Ail 




15/01/96 






EP 




14/05/97 




10/Oi/M 


AT 


j^ggg22 T 


IS/06/98 








638263 8 


24/06/93 






AU 


5953890 A 


17/01/91 








61081 8 


31/10/96 








2030554 A 


30/12/90 








X050220 A 


27/03/91 








6S032360 D 


00/00/00 






EP 


041049S A J 


30/01/91 






SE 


04I049S 13 








ES 


2U76£5 T 


16/08/98 






Fl 


910907 0 


00/00/00 








4500756 T 


13/02/92 








94560 A. 8 


08/02/91 






US 


5364781 A 


15/11/94 



